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(57) ABSTRACT

The present invention provides molecules that bind to
TMEMI16A (“TMEMI16A binding molecules™), particularly
human or humanized antibodies and antibody drug conju-
gates that bind to human TMEM16A and modulate its func-
tions. Epitopes of TMEM16A and molecules that bind these
epitopes are also provided herein.
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FIG. 7
Western blot of GISTEE2 lysates using SP31 Ab




US 9,045,546 B2

1
MOLECULES AND METHODS FOR
MODULATING TMEM16A ACTIVITIES

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Apr. 4, 2013, is named
PAT054660USCIP040413_ST25.txt and is 27,424 bytes in
size.

FIELD OF THE INVENTION

The present invention relates to antigen binding molecules
to TMEM16A, epitopes bound by those molecules, and meth-
ods of using the molecules.

BACKGROUND OF THE INVENTION

TMEM16A has been identified as a calcium activated chlo-
ride channel (see, e.g., Yang et al., Nature, 455:1210-1215
(2008)). It is also known by some other names, such as ANO1,
TAOS2, ORAOV2, and DOG-1. TMEMI6A belongs to the
anoctamin/TMEM16 family of membrane proteins. This
family includes other members, such as TMEM16B-K. All
TMEM16 proteins have similar putative topology, consisting
of eight transmembrane segments and cytosolic N- and C-ter-
mini (see, e.g., Galietta, Biophysical J. 97:3047-3053,
(2009)).

Calcium activated chloride channels functions in many
physiological processes, including transepithelial secretion,
cardiac and neuronal excitation, sensory transduction,
smooth muscle contraction, and fertilization. TMEMI16A is
potentially involved in epithelial fluid secretion, olfactory and
phototransduction, neuronal and cardiac excitability, and
regulation of vascular tone including gut motility (see, e.g.,
Galietta, 2009).

TMEMI16A is also highly over expressed in some cancers,
for example, gastrointestinal stromal tumor (“GIST”), and
head and neck cancer. TMEM16A is located on chromosome
11q13 and it appears that amplification of this chromosomal
region occurs in many tumors including almost half of oral
squamous cell carcinomas (Huang et al., Genes Chromo-
somes Cancer 45:1058-1069, (2006)), and neck squamous
cell carcinomas (Cares et al., Oncogene 25:1821-1831,
(2006)).

GIST is the most common mesenchymal tumor found in
the gastrointestinal tract. There is a high unmet medical need
due to refractory, metastatic or resistant GIST. There is also a
high unmet medical need to other cancers in which
TMEMI16A has been implicated.

BRIEF SUMMARY OF THE INVENTION

The present invention provides molecules that bind to
TMEMI16A (“TMEMI16A binding molecules”™), particularly
TMEMI16A binding molecules that specifically bind to the
extracellular domain 2 (“ECD2”) or extracellular domain 3
(“ECD3”) of TMEMI16A and internalize upon binding. In
some embodiments, the TMEM16A binding molecules spe-
cifically bind to a peptide comprising or consisting of amino
acids KLIRYLKLKQ (SEQ ID NO: 3), or a portion thereof.
In some embodiments, the TMEM16A binding molecules
specifically bind to a peptide comprising or consisting of
amino acids RYKDYREPPWS (SEQ ID NO: 4), or a portion
thereof. In some embodiments, the TMEM16A binding mol-
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ecules are human or humanized antibodies, antibody frag-
ments, and antibody drug conjugates (“ADC”). The present
invention further provides an antigenic peptide comprising or
consisting of an amino acid sequence that is at least 60%, at
least 70%, at least 80%, at least 90%, or 100% identical to
KLIRYLKLKQ (SEQID NO:3) or RYKDYREPPWS (SEQ
ID NO:4), and uses thereof.

In one embodiment, the present invention provides
TMEMI16A binding molecules comprising an antigen bind-
ing portion of an antibody that specifically binds to
TMEMI16A, wherein the antigen binding portion binds to (1)
apeptide comprising or consisting of an amino acid sequence
that is at least 60%, at least 70%, at least 80%, at least 90%, or
100% identical to KLIRYLKLKQ (SEQ ID NO:3); and (2)
ECD2 of TMEME16A comprising SEQ ID NO: 3.

In another embodiment, the present invention provides
TMEMI16A binding molecules comprising an antigen bind-
ing portion of an antibody that specifically binds to
TMEMI16A, wherein the antigen binding portion binds to (1)
apeptide comprising or consisting of an amino acid sequence
that is at least 60%, at least 70%, at least 80%, at least 90%, or
100% identical to RYKDYREPPWS (SEQIDNO:4); and (2)
ECD3 of TMEME16A comprising SEQ ID NO: 4

In one embodiment, the TMEM16A binding molecules of
the invention specifically bind to an epitope on TMEM16A
that comprises or consists of an amino acid sequence that is at
least 60%, at least 70%, at least 80%, at least 90%, or 100%
identical to KLIRYLKLKQ (SEQ ID NO:3), or a portion
thereof.

In another embodiment, the TMEMI16A binding mol-
ecules of the invention specifically bind to an epitope on
TMEMI16A that comprises or consists of an amino acid
sequence that is at least 60%, at least 70%, at least 80%, at
least 90%, or 100% identical to RYKDYREPPWS (SEQ ID
NO:4), or a portion thereof.

In one embodiment, the TMEM16A binding molecules of
the invention comprise a Fab fragment, an Fab' fragment, an
F(ab"),, or an Fv fragment of an antibody. In some embodi-
ments, the TMEM16A binding molecules of the invention are
a diabody or multivalent antibody comprising at least one
antigen binding fragment that specifically binds to ECD2 or
ECD3 of TMEMI16A and internalize upon such binding. In
some embodiments, the TMEM16A binding moclecules of
the invention are a diabody or multivalent antibody compris-
ing at least one antigen binding fragment that specifically
bind to a peptide comprising or consisting of an amino acid
sequence that is at least 60%, at least 70%, at least 80%, at
least 90%, or 100% identical to SEQ ID NO:3 or SEQ ID
NO:4.

In some embodiments, the TMEM16A binding molecules
of the invention are monoclonal antibodies. In some embodi-
ments, the TMEM16A binding molecules of the invention are
human or humanized monoclonal antibodies. Yet in some
embodiments, the TMEMI16A binding molecules of the
invention are chimeric antibodies.

In some embodiments, the TMEM16A binding molecules
of the invention are antibody drug conjugates, wherein the
TMEM16 binding molecules are antibodies (or antigen bind-
ing fragments thereof) linked to a therapeutic moiety (e.g., a
cytotoxic agent, an anti-cancer agent). In one embodiment,
the antibodies (or antigen binding fragments thereof) are
linked to a therapeutic moiety (e.g., a cytotoxic agent, an
anti-cancer agent) via a linker. In another embodiment, the
antibodies (or antigen binding fragments thereof) are directly
linked to a therapeutic moiety (e.g., a cytotoxic agent, an
anti-cancer agent).
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The present invention further provides pharmaceutical
compositions comprising the TMEM16A binding molecules
of the invention.

The present invention also provides methods of treating
cancer comprising administering to a subject thereof a com-
position comprising therapeutically effective amount of the
TMEMI16A binding molecules of the invention. In some
embodiments, the present invention provides a composition
comprising a TMEM16A binding molecule of the invention
for use in treating cancer in an individual.

In some embodiments, the present invention provides
methods of treating cancer that is selected from the group
consisting of gastrointestinal cancer, gastrointestinal stromal
tumor, tumors of mesenchymal, epithelia, and stromal origin,
esophageal squamous cell carcinoma, oral squamous cell car-
cinoma, cancers of the head and neck, and all cancers con-
taining the 11q13 amplification, comprising administering to
a subject in need thereof a composition comprising therapeu-
tically effective amount of the TMEM16A binding molecules
of'the invention. In some embodiments, the present invention
provides a composition comprising a TMEM16A binding
molecule of the invention for use in treating cancer that is
selected from the group consisting of gastrointestinal cancer,
gastrointestinal stromal tumor, tumors of mesenchymal, epi-
thelia, and stromal origin, esophageal squamous cell carci-
noma, oral squamous cell carcinoma, cancers of the head and
neck, and all cancers containing the 11q13 amplification.

With respect to embodiments of the methods and medical
uses, in some embodiments, a TMEM16A binding molecule
of the invention is co-administered with one or more other
agents. Optionally, a TMEM16A binding molecule of the
invention and a second agent are provided as a mixture.
Optionally, a TMEM16A binding molecule of the invention
and a second agent are provided in separate formulations.

Definitions

An “antibody” refers to a polypeptide of the immunoglo-
bulin family that is capable of noncovalently, reversibly, and
in a specific manner binding a corresponding antigen. An
exemplary antibody structural unit comprises a tetramer.
Each tetramer is composed of two identical pairs of polypep-
tide chains, each pair having one “light” (about 25 kD) and
one “heavy” chain (about 50-70 kD), connected through a
disulfide bond. The recognized immunoglobulin genes
includethe , A, a, v, 9, €, and | constant region genes, as well
as the myriad immunoglobulin variable region genes. Light
chains are classified as either K or A. Heavy chains are clas-
sified as vy, 11, a, 9, or €, which in turn define the immunoglo-
bulin classes, 1gG, IgM, IgA, IgD, and IgE, respectively. The
N-terminus of each chain defines a variable region of about
100 to 110 or more amino acids primarily responsible for
antigen recognition. The terms variable light chain (V) and
variable heavy chain (V) refer to these regions of light and
heavy chains respectively. As used in this application, an
“antibody” encompasses all variations of antibodies that pos-
sess a particular binding specifically, e.g., for TMEM16A.
Thus, within the scope of this concept are, e.g., full length
antibodies, chimeric antibodies, and humanized antibodies,
and multimeric versions of these antibody fragments (e.g.,
multispecific, including bispecific, antibodies; multivalent
antibodies) with the same binding specificity.

Antibodies exist as intact immunoglobulins or as a number
of well-characterized fragments produced by digestion with
various peptidases. Thus, for example, pepsin digests an anti-
body below the disulfide linkages in the hinge region to
produce F(ab)',, a dimer of Fab' which itself is a light chain
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joined to V,-C,,1 by a disulfide bond. The F(ab)', may be
reduced under mild conditions to break the disulfide linkage
in the hinge region, thereby converting the F(ab)', dimer into
an Fab' monomer. The Fab' monomer is essentially Fab with
part of the hinge region. Paul, Fundamental Immunology 3d
ed. (1993). While various antibody fragments are defined in
terms of the digestion of an intact antibody, one of skill will
appreciate that such fragments may be synthesized de novo
either chemically or by using recombinant DNA methodol-
ogy. As used in this application, an “antibody fragment”
encompasses all variations of antibody fragments that pos-
sess a particular binding specifically, e.g., for TMEMI16A.
Thus, within the scope of this concept are, e.g., single chain
antibodies (ScFv), Fab, Fab', and multimeric versions of these
fragments (e.g., F(ab'),,).

An “antibody light chain” or an “antibody heavy chain” as
used herein refers to a polypeptide comprising the V; or V,
respectively. The endogenous V; is encoded by the gene
segments V (variable) and J (junctional), and the endogenous
V, by V, D (diversity), and J. Each of V; or V includes the
CDRs as well as the framework regions. In this application,
antibody light chains and/or antibody heavy chains may, from
time to time, be collectively referred to as “antibody chains.”
These terms encompass antibody chains containing muta-
tions that do not disrupt the basic structure of V; or V, as one
skilled in the art will readily recognize.

The term “antigen binding portion” of an antibody, as used
herein, refers to one or more fragments of an intact antibody
that retain the ability to specifically bind to a given antigen
(e.g., TEMEMI16A). Antigen binding functions of an anti-
body can be performed by fragments of an intact antibody.
Examples of binding fragments encompassed within the term
“antigen binding portion” of an antibody include a Fab frag-
ment, a monovalent fragment consisting of the V,, V,,, CL
and CH1 domains; an F(ab), fragment, a bivalent fragment
comprising two Fab fragments (generally one from a heavy
chain and one from a light chain) linked by a disulfide bridge
at the hinge region; an Fd fragment consisting of the V, and
CH1 domains; an Fv fragment consisting of the V; and V,
domains of a single arm of an antibody; a single domain
antibody (dAb) fragment (Ward et al., 1989 Nature 341:544-
546), which consists of a V, domain; and an isolated comple-
mentarity determining region (CDR). As used herein, an
“antigen-binding portion” of a TMEM16A binding molecule
refers to the portion of a TMEM 16 A binding molecule that is
responsible for the specific binding between the molecule and
TMEMI16A. There are at least one such antigen binding por-
tion present in each TMEMI16A binding molecule of the
invention, and each of the antigen binding portion may be
identical or different from the others. As used herein, the term
“TMEMI16A binding molecule” refers to any molecule (in-
cluding antibodies, antibody fragments and antibody drug
conjugates (ADCs)) that specifically bind to TMEM16A.

Furthermore, although the two domains of the Fv frag-
ment, V; and V,, are coded for by separate genes, they can be
joined, using recombinant methods, by an artificial peptide
linker that enables them to be made as a single protein chain
in which the V, and V, regions pair to form monovalent
molecules (known as single chain Fv (scFv); see, e.g., Bird et
al., 1988 Science 242:423-426; and Huston et al., 1988 Proc.
Natl. Acad. Sci. 85:5879-5883). Such single chain antibodies
include one or more “antigen binding portions™ of an anti-
body. These antibody fragments are obtained using conven-
tional techniques known to those of skill in the art, and the
fragments are screened for utility in the same manner as are
intact antibodies.
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Antigen binding portions can also be incorporated into
single domain antibodies, maxibodies, minibodies, intrabod-
ies, diabodies, triabodies, tetrabodies, v-NAR and bis-scFv
(see, e.g., Hollinger and Hudson, 2005, Nature Biotechnol-
ogy, 23,9, 1126-1136). Antigen binding portions of antibod-
ies can be grafted into scaffolds based on polypeptides such as
Fibronectin type III (Fn3) (see U.S. Pat. No. 6,703,199, which
describes fibronectin polypeptide monobodies).

Antigen binding portions can be incorporated into single
chain molecules comprising a pair of tandem Fv segments
(V-CH1-V,-CH1) which, together with complementary
light chain polypeptides, form a pair of antigen binding
regions (Zapata et al., 1995 Protein Eng. 8(10):1057-1062;
and U.S. Pat. No. 5,641,870).

“Complementarity-determining domains” or “comple-
mentary-determining regions (“CDRs”) interchangeably
refer to the hypervariable regions of V; and V,,. The CDRs are
the target protein-binding site of the antibody chains that
harbors specificity for such target protein. There are three
CDRs (CDR1-3, numbered sequentially from the N-termi-
nus) in each human V; or V, constituting about 15-20% of
the variable domains. The CDRs are structurally complemen-
tary to the epitope of the target protein and are thus directly
responsible for the binding specificity. The remaining
stretches of the V; or V, the so-called framework regions,
exhibit less variation in amino acid sequence (Kuby, Immu-
nology, 4th ed., Chapter 4. W.H. Freeman & Co., New York,
2000).

The positions of the CDRs and framework regions can be
determined using various well known definitions in the art,
e.g., Kabat, Chothia, international ImMunoGeneTics data-
base (IMGT) (on the worldwide web at imgt.cines.fr/), and
AbM (see, e.g., Johnson et al., Nucleic Acids Res., 29:205-
206 (2001); Chothia and Lesk, J. Mol. Biol., 196:901-917
(1987); Chothia et al., Nature, 342:877-883 (1989); Chothia
etal., J. Mol. Biol., 227:799-817 (1992); Al-Lazikani et al., J.
Mol. Biol., 273:927-748 (1997)). Definitions of antigen com-
bining sites are also described in the following: Ruiz et al.,
Nucleic Acids Res., 28:219-221 (2000); and Lefranc, M. P.,
Nucleic Acids Res., 29:207-209 (2001); MacCallum et al., J.
Mol. Biol., 262:732-745 (1996); and Martin et al., Proc. Natl.
Acad. Sci. USA, 86:9268-9272 (1989); Martin et al., Meth-
ods Enzymol., 203:121-153 (1991); and Rees et al., In Stern-
berg M. J. E. (ed.), Protein Structure Prediction, Oxford Uni-
versity Press, Oxford, 141-172 (1996).

The term “binding specificity determinant” or “BSD”
interchangeably refer to the minimum contiguous or non-
contiguous amino acid sequence within a complementary
determining region necessary for determining the binding
specificity of an antibody. A minimum binding specificity
determinant can be within one or more CDR sequences. In
some embodiments, the minimum binding specificity deter-
minants reside within (i.e., are determined solely by) a por-
tion or the full-length of the CDR3 sequences of the heavy
and light chains of the antibody.

A “chimeric antibody” is an antibody molecule in which
(a) the constant region, or a portion thereof, is altered,
replaced or exchanged so that the antigen binding site (vari-
able region) is linked to a constant region of a different or
altered class, effector function and/or species, or an entirely
different molecule which confers new properties to the chi-
meric antibody, e.g., an enzyme, toxin, hormone, growth
factor, and drug; or (b) the variable region, or a portion
thereof, is altered, replaced or exchanged with a variable
region having a different or altered antigen specificity. For
example, a mouse anti-TMEM16A antibody can be modified
by replacing its constant region with the constant region from
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a human immunoglobulin. Due to the replacement with a
human constant region, the chimeric antibody can retain its
specificity in recognizing human TMEMI16A while having
reduced antigenicity in a human patient as compared to the
original mouse antibody.

Antibodies or antigen-binding molecules of the invention
further includes one or more immunoglobulin chains that are
chemically linked to, or expressed as, fusion proteins with
other proteins. It also includes bispecific antibody. A bispe-
cific or bifunctional antibody is an artificial hybrid antibody
having two different heavy/light chain pairs and two different
binding sites. Other antigen-binding fragments or antibody
portions of the invention include bivalent scFv (diabody),
bispecific scFv antibodies where the antibody molecule rec-
ognizes two different epitopes, single binding domains
(dAbs), and minibodies.

The various antibodies or antigen-binding fragments
described herein can be produced by enzymatic or chemical
modification of the intact antibodies, or synthesized de novo
using recombinant DNA methodologies (e.g., single chain
Fv), or identified using phage display libraries (see, e.g.,
McCafterty et al., Nature 348:552-554, 1990). For example,
minibodies can be generated using methods described in the
art, e.g., Vaughan and Sollazzo, Comb Chem High Through-
put Screen. 4:417-30 2001. Bispecific antibodies can be pro-
duced by a variety of methods including fusion of hybridomas
or linking of Fab' fragments. See, e.g., Songsivilai & Lach-
mann, Clin. Exp. Immunol. 79:315-321 (1990); Kostelny et
al., J. Immunol. 148, 1547-1553 (1992). Single chain anti-
bodies can be identified using phage display libraries or ribo-
some display libraries, gene shuffled libraries. Such libraries
can be constructed from synthetic, semi-synthetic or native
and immunocompetent sources.

The term “variable region” or “V-region” interchangeably
refer to a heavy or light chain comprising FR1-CDR1-FR2-
CDR2-FR3-CDR3-FR4. An endogenous variable region is
encoded by immunoglobulin heavy chain V-D-J genes or
light chain V-J genes. A V-region can be naturally occurring,
recombinant or synthetic.

As used herein, the term “variable segment” or “V-seg-
ment” interchangeably refer to a subsequence of the variable
region including FR1-CDR1-FR2-CDR2-FR3. An endog-
enous V-segment is encoded by an immunoglobulin V-gene.
A V-segment can be naturally occurring, recombinant or syn-
thetic.

As used herein, the term “J-segment” refers to a subse-
quence of the variable region encoded comprising a C-termi-
nal portion of a CDR3 and the FR4. An endogenous J-seg-
ment is encoded by an immunoglobulin J-gene. A J-segment
can be naturally occurring, recombinant or synthetic.

A “humanized” antibody is an antibody that retains the
reactivity of a non-human antibody while being less immu-
nogenic in humans. This can be achieved, for instance, by
retaining the non-human CDR regions and replacing the
remaining parts of the antibody with their human counter-
parts. See, e.g., Morrison et al., Proc. Natl. Acad. Sci. USA,
81:6851-6855 (1984); Morrison and Oi, Adv. Immunol.,
44:65-92 (1988); Verhoeyen et al., Science, 239:1534-1536
(1988); Padlan, Molec. Immun., 28:489-498 (1991); Padlan,
Molec. Immun., 31(3):169-217 (1994).

Methods for humanizing non-human antibodies are well
known in the art. Generally, a humanized antibody has one or
more amino acid residues introduced into it from a source
which is non-human. These non-human amino acid residues
are often referred to as import residues, which are typically
taken from an import variable domain. Humanization can be
essentially performed following the method of Winter and
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co-workers (see, e.g., Jones et al., Nature 321:522-525
(1986); Riechmann et al., Nature 332:323-327 (1988); Ver-
hoeyen et al., Science 239:1534-1536 (1988) and Presta,
Curr. Op. Struct. Biol. 2:593-596 (1992)), by substituting
rodent CDRs or CDR sequences for the corresponding
sequences of a human antibody. Accordingly, such human-
ized antibodies are chimeric antibodies (U.S. Pat. No. 4,816,
567), wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence
from a non-human species. In practice, humanized antibodies
are typically human antibodies in which some complemen-
tary determining region (“CDR”) residues and possibly some
framework (“FR”) residues are substituted by residues from
analogous sites in rodent antibodies.

The term “corresponding human germline sequence”
refers to the nucleic acid sequence encoding a human variable
region amino acid sequence or subsequence that shares the
highest determined amino acid sequence identity with a ref-
erence variable region amino acid sequence or subsequence
in comparison to all other all other known variable region
amino acid sequences encoded by human germline immuno-
globulin variable region sequences. The corresponding
human germline sequence can also refer to the human vari-
able region amino acid sequence or subsequence with the
highest amino acid sequence identity with a reference vari-
able region amino acid sequence or subsequence in compari-
son to all other evaluated variable region amino acid
sequences. The corresponding human germline sequence can
be framework regions only, complementary determining
regions only, framework and complementary determining
regions, a variable segment (as defined above), or other com-
binations of sequences or subsequences that comprise a vari-
able region. Sequence identity can be determined using the
methods described herein, for example, aligning two
sequences using BLAST, ALIGN, or another alignment algo-
rithm known in the art. The corresponding human germline
nucleic acid or amino acid sequence can have at least about
90%, 92%, 94%, 96%, 98%, 99% sequence identity with the
reference variable region nucleic acid or amino acid
sequence. Corresponding human germline sequences can be
determined, for example, through the publicly available inter-
national ImMunoGeneTics database (IMGT) (on the world-
wide web at imgt.cines.frf) and V-base (on the worldwide
web at vbase.mrc-cpe.cam.ac.uk).

The phrase “specifically (or selectively) bind,” when used
in the context of describing the interaction between an anti-
gen, e.g., a protein, to an antibody or antibody-derived bind-
ing molecule, refers to a binding reaction that is determinative
of the presence of the antigen in a heterogeneous population
of proteins and other biologics, e.g., in a biological sample,
e.g., a blood, serum, plasma or tissue sample. Thus, under
designated immunoassay conditions, the antibodies or bind-
ing molecules with a particular binding specificity bind to a
particular antigen at least two times the background and do
not substantially bind in a significant amount to other anti-
gens present in the sample. Specific binding to an antibody or
binding molecule under such conditions may require the anti-
body or molecule to have been selected for its specificity for
a particular protein. A variety of immunoassay formats may
be used to select antibodies specifically immunoreactive with
a particular protein. For example, solid-phase ELISA immu-
noassays are routinely used to select antibodies specifically
immunoreactive with a protein (see, e.g., Harlow & Lane,
Using Antibodies, A Laboratory Manual (1998), for a
description of immunoassay formats and conditions that can
be used to determine specific immunoreactivity). Typically a
specific or selective binding reaction will produce a signal at
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least twice over the background signal and more typically at
least than 10 to 100 times over the background.

The term “equilibrium dissociation constant (K,, M)”
refers to the dissociation rate constant (k,, time™") divided by
the association rate constant (k,, time™, M™). Equilibrium
dissociation constants can be measured using any known
method in the art. The antibodies of the present invention
generally will have an equilibrium dissociation constant of
less than about 10~7 or 10~% M, for example, less than about
107° M or 107'° M, in some embodiments, less than about
107" M, 107> Mor 107> M.

The term “epitope” refers to a site on an antigen to which a
TMEMI16A binding molecule of the invention specifically
binds. Epitopes can be formed both from contiguous amino
acids or noncontiguous amino acids juxtaposed by tertiary
folding of a protein. Epitopes formed from contiguous amino
acids are typically retained on exposure to denaturing sol-
vents, whereas epitopes formed by tertiary folding are typi-
cally lost on treatment with denaturing solvents. An epitope
typically includes at least 3, 4, 5, 6,7, 8,9, 10,11, 12,13, 14
or 15 amino acids in a unique spatial conformation. Methods
of determining spatial conformation of epitopes include tech-
niques in the art and those described herein, for example,
x-ray crystallography and 2-dimensional nuclear magnetic
resonance (see, e.g., Epitope Mapping Protocols in Methods
in Molecular Biology, Vol. 66, G. E. Morris, Ed. (1996)).

The term “TMEMI16A” refer to a calcium activated chlo-
ride channel belongs to the anoctamin/TEME16 family of
membrane proteins. TMEM16 family has ten currently
known members. TMEM16A and TMEMI16B are the most
homologous. TMEM16A pore forming region is highly con-
served across the family. TMEMI16A is expressed at high
levels on certain cancer cells, such as gastrointestinal tract
and head and neck cancers. The TMEM16A has four known
splice variants named a, b, ¢. and d (see Table 1). Functional
TMEMI16A can be one of the following combinations of the
splice variants: ac, abc, acd, or the abed isoform. There is not
aknown isoform lacking all splice variants that is a functional
chloride channel. The nucleic acid and amino acid sequences
ofhuman TMEM16A are known, and have been published in,
e.g., Caputo A. et al., Science, 24:322(5901)590-594 (2008).
One of the isoforms (the full length amino acid sequence)
corresponds to NP.sub.—060513.5 plus a 22 amino acid in-
frame insert variant b (ANO1-007 ENSP00000433445) from
the Ensembl database (see the website at uswest.ensembl.org/
index.html). TMEM16A sequences in some other species are
also known. For example, mouse TMEM16A (NM.sub.—
178642, NP.sub.—848757, Gene ID 101772) and rat
TMEMI16A (NM.sub.—001107564, NP.sub.—848757,
Gene ID 309135) have been published. Structurally, a
TMEMI16A protein has eight transmembrane segments and
cytosolic amino- and carboxy termini. TMEMI6A also
encompasses proteins that are a calcium activated chloride
channel and have over its full length at least about 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
sequence identity with the amino acid sequence of SEQ ID
NO:1 describe in Table 1 below. A TMEM16A nucleic acid
sequence has over its full length at least about 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
sequence identity with the nucleic acid sequence of SEQ ID
NO: 2 described in Table 1 below.

“Activity” of a protein of the invention refers to structural,
regulatory, or biochemical functions of a protein in its native
cell or tissue. Examples of activity of a polypeptide include
both direct activities and indirect activities. Exemplary activi-
ties of TMEMI16A include its role as a calcium activated
chloride channel in normal epithelia cells, its robust overex-
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pression in gastrointestinal stromal tumors, and its localiza-
tion in the 11q13 amplicon present in esophagus squamous
cell carcinomas. Therapeutically, antagonists of TMEM16A
(e.g., antagonistic anti-TMEM16A antibodies) confer antitu-
mor responses in vivo.

The term “isolated,” when applied to a nucleic acid or
protein, denotes that the nucleic acid or protein is essentially
free of other cellular components with which it is associated
in the natural state. It is preferably in a homogeneous state. It
can be in either a dry or aqueous solution. Purity and homo-
geneity are typically determined using analytical chemistry
techniques such as polyacrylamide gel electrophoresis or
high performance liquid chromatography. A protein that is the
predominant species present in a preparation is substantially
purified. In particular, an isolated gene is separated from open
reading frames that flank the gene and encode a protein other
than the gene of interest. The term “purified” denotes that a
nucleic acid or protein gives rise to essentially one band in an
electrophoretic gel. Particularly, it means that the nucleic acid
or protein is at least 85% pure, more preferably at least 95%
pure, and most preferably at least 99% pure.

The term “nucleic acid” or “polynucleotide” refers to
deoxyribonucleic acids (DNA) or ribonucleic acids (RNA)
and polymers thereof in either single- or double-stranded
form. Unless specifically limited, the term encompasses
nucleic acids containing known analogues of natural nucle-
otides that have similar binding properties as the reference
nucleic acid and are metabolized in a manner similar to natu-
rally occurring nucleotides. Unless otherwise indicated, a
particular nucleic acid sequence also implicitly encompasses
conservatively modified variants thereof (e.g., degenerate
codon substitutions), alleles, orthologs, SNPs, and comple-
mentary sequences as well as the sequence explicitly indi-
cated. Specifically, degenerate codon substitutions may be
achieved by generating sequences in which the third position
of one or more selected (or all) codons is substituted with
mixed-base and/or deoxyinosine residues (Batzer et al.,
Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., J. Biol.
Chem. 260:2605-2608 (1985); and Rossolini et al., Mol. Cell.
Probes 8:91-98 (1994)).

The terms “polypeptide,” “peptide,” and “protein” are used
interchangeably herein to refer to a polymer of amino acid
residues. The terms apply to amino acid polymers in which
one or more amino acid residue is an artificial chemical
mimetic of a corresponding naturally occurring amino acid,
as well as to naturally occurring amino acid polymers and
non-naturally occurring amino acid polymer.

The term “amino acid” refers to naturally occurring and
synthetic amino acids, as well as amino acid analogs and
amino acid mimetics that function in a manner similar to the
naturally occurring amino acids. Naturally occurring amino
acids are those encoded by the genetic code, as well as those
amino acids that are later modified, e.g., hydroxyproline,
y-carboxyglutamate, and O-phosphoserine. Amino acid ana-
logs refer to compounds that have the same basic chemical
structure as a naturally occurring amino acid, i.e., an a.-car-
bon that is bound to a hydrogen, a carboxyl group, an amino
group, and an R group, e.g., homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such
analogs have modified R groups (e.g., norleucine) or modi-
fied peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid. Amino acid
mimetics refers to chemical compounds that have a structure
that is different from the general chemical structure of an
amino acid, but that functions in a manner similar to a natu-
rally occurring amino acid.
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“Conservatively modified variants™ applies to both amino
acid and nucleic acid sequences. With respect to particular
nucleic acid sequences, conservatively modified variants
refers to those nucleic acids which encode identical or essen-
tially identical amino acid sequences, or where the nucleic
acid does not encode an amino acid sequence, to essentially
identical sequences. Because of the degeneracy of the genetic
code, a large number of functionally identical nucleic acids
encode any given protein. For instance, the codons GCA,
GCC, GCG and GCU all encode the amino acid alanine.
Thus, at every position where an alanine is specified by a
codon, the codon can be altered to any of the corresponding
codons described without altering the encoded polypeptide.
Such nucleic acid variations are “silent variations,” which are
one species of conservatively modified variations. Every
nucleic acid sequence herein which encodes a polypeptide
also describes every possible silent variation of the nucleic
acid. One of skill will recognize that each codon in a nucleic
acid (except AUG, which is ordinarily the only codon for
methionine, and TGG, which is ordinarily the only codon for
tryptophan) can be modified to yield a functionally identical
molecule. Accordingly, each silent variation of a nucleic acid
that encodes a polypeptide is implicit in each described
sequence.

As to amino acid sequences, one of skill will recognize that
individual substitutions, deletions or additions to a nucleic
acid, peptide, polypeptide, or protein sequence which alters,
adds or deletes a single amino acid or a small percentage of
amino acids in the encoded sequence is a “conservatively
modified variant” where the alteration results in the substitu-
tion of an amino acid with a chemically similar amino acid.
Conservative substitution tables providing functionally simi-
lar amino acids are well known in the art. Such conservatively
modified variants are in addition to and do not exclude poly-
morphic variants, interspecies homologs, and alleles of the
invention.

The following eight groups each contain amino acids that
are conservative substitutions for one another:

1) Alanine (A), Glycine (G);

2) Aspartic acid (D), Glutamic acid (E);

3) Asparagine (N), Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V);
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W);

7) Serine (S), Threonine (T); and

8) Cysteine (C), Methionine (M) (see, e.g., Creighton, Pro-

teins (1984)).

“Percentage of sequence identity” is determined by com-
paring two optimally aligned sequences over a comparison
window, wherein the portion of the polynucleotide sequence
in the comparison window may comprise additions or dele-
tions (i.e., gaps) as compared to the reference sequence (e.g.,
a polypeptide of the invention), which does not comprise
additions or deletions, for optimal alignment of the two
sequences. The percentage is calculated by determining the
number of positions at which the identical nucleic acid base or
amino acid residue occurs in both sequences to yield the
number of matched positions, dividing the number of
matched positions by the total number of positions in the
window of comparison and multiplying the result by 100 to
yield the percentage of sequence identity.

The terms “identical” or percent “identity,” in the context
of two or more nucleic acids or polypeptide sequences, refer
to two or more sequences or subsequences that are the same
sequences. Two sequences are “substantially identical” iftwo
sequences have a specified percentage of amino acid residues
or nucleotides that are the same (i.e., 70%, 75%, 80%, 85%,
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90%, 95%, 96%, 97%, 98% or 99% sequence identity over a
specified region, or, when not specified, over the entire
sequence of a reference sequence), when compared and
aligned for maximum correspondence over a comparison
window, or designated region as measured using one of the
following sequence comparison algorithms or by manual
alignment and visual inspection. Optionally, the identity
exists over a region that is at least about 15, 25 or 50 nucle-
otides in length, or more preferably over a region that is 100
to 500 or 1000 or more nucleotides in length, or over the full
length of the reference sequence. With respect to amino acid
sequences, identity or substantial identity can exist over a
region that is at least 5, 10, 15 or 20 amino acids in length,
optionally at least about 25, 30, 35, 40, 50, 75 or 100 amino
acids in length, optionally at least about 150, 200 or 250
amino acids in length, or over the full length of the reference
sequence. With respect to shorter amino acid sequences, e.g.,
amino acid sequences of 20 or fewer amino acids, substantial
identity exists when one or two amino acid residues are con-
servatively substituted, according to the conservative substi-
tutions defined herein.

For sequence comparison, typically one sequence acts as a
reference sequence, to which test sequences are compared.
When using a sequence comparison algorithm, test and ref-
erence sequences are entered into a computer, subsequence
coordinates are designated, if necessary, and sequence algo-
rithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be
designated. The sequence comparison algorithm then calcu-
lates the percent sequence identities for the test sequences
relative to the reference sequence, based on the program
parameters.

A “comparison window”, as used herein, includes refer-
ence to a segment of any one of the number of contiguous
positions selected from the group consisting of from 20 to
600, usually about 50 to about 200, more usually about 100 to
about 150 in which a sequence may be compared to a refer-
ence sequence of the same number of contiguous positions
after the two sequences are optimally aligned. Methods of
alignment of sequences for comparison are well known in the
art. Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith
and Waterman (1970) Adv. Appl. Math. 2:482c¢, by the homol-
ogy alignment algorithm of Needleman and Wunsch (1970) J.
Mol. Biol. 48:443, by the search for similarity method of
Pearson and Lipman (1988) Proc. Nat’l. Acad. Sci. USA
85:2444, by computerized implementations of these algo-
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis-
consin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by manual align-
ment and visual inspection (see, e.g., Ausubel et al., Current
Protocols in Molecular Biology (1995 supplement)).

Two examples of algorithms that are suitable for determin-
ing percent sequence identity and sequence similarity are the
BLAST and BLAST 2.0 algorithms, which are described in
Altschul et al. (1977) Nuc. Acids Res. 25:3389-3402, and
Altschul et al. (1990) J. Mol. Biol. 215:403-410, respectively.
Software for performing BLAST analyses is publicly avail-
able through the National Center for Biotechnology Informa-
tion. This algorithm involves first identifying high scoring
sequence pairs (HSPs) by identifying short words of length W
in the query sequence, which either match or satisfy some
positive-valued threshold score T when aligned with a word
of'the same length in a database sequence. T is referred to as
the neighborhood word score threshold (Altschul et al.,
supra). These initial neighborhood word hits act as seeds for
initiating searches to find longer HSPs containing them. The
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word hits are extended in both directions along each sequence
for as far as the cumulative alignment score can be increased.
Cumulative scores are calculated using, for nucleotide
sequences, the parameters M (reward score for a pair of
matching residues; always >0) and N (penalty score for mis-
matching residues; always <0). For amino acid sequences, a
scoring matrix is used to calculate the cumulative score.
Extension of the word hits in each direction are halted when:
the cumulative alignment score falls off by the quantity X
from its maximum achieved value; the cumulative score goes
to zero or below, due to the accumulation of one or more
negative-scoring residue alignments; or the end of either
sequence is reached. The BLAST algorithm parameters W, T,
and X determine the sensitivity and speed of the alignment.
The BLASTN program (for nucleotide sequences) uses as
defaults a wordlength (W) of 11, an expectation (E) or 10,
M=5, N=—4 and a comparison of both strands. For amino acid
sequences, the BLASTP program uses as defaults a
wordlength of 3, and expectation (E) of 10, and the BLO-
SUMS62 scoring matrix (see Henikoft and Henikoff (1989)
Proc. Natl. Acad. Sci. USA 89:10915) alignments (B) of 50,
expectation (E) of 10, M=5, N=-4, and a comparison of both
strands.

The BLAST algorithm also performs a statistical analysis
of'the similarity between two sequences (see, e.g., Karlin and
Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5787).
One measure of similarity provided by the BLAST algorithm
is the smallest sum probability (P(N)), which provides an
indication of the probability by which a match between two
nucleotide or amino acid sequences would occur by chance.
For example, a nucleic acid is considered similar to a refer-
ence sequence if the smallest sum probability in a comparison
ofthe test nucleic acid to the reference nucleic acid is less than
about 0.2, more preferably less than about 0.01, and most
preferably less than about 0.001.

An indication that two nucleic acid sequences or polypep-
tides are substantially identical is that the polypeptide
encoded by the first nucleic acid is immunologically cross
reactive with the antibodies raised against the polypeptide
encoded by the second nucleic acid, as described below. Thus,
a polypeptide is typically substantially identical to a second
polypeptide, for example, where the two peptides differ only
by conservative substitutions. Another indication that two
nucleic acid sequences are substantially identical is that the
two molecules or their complements hybridize to each other
under stringent conditions, as described below. Yet another
indication that two nucleic acid sequences are substantially
identical is that the same primers can be used to amplify the
sequence.

The term “cytotoxic agent” as used herein refers to a sub-
stance that inhibits or prevents the function of cells and/or
causes destruction of cells. A cytotoxic agent can be, but not
limited to, chemotherapeutic agents, toxins such as small
molecule toxins or enzymatically active toxins of bacterial,
fungal, plant or animal origin, including synthetic analogs
and derivatives thereof, and radioactive isotopes (e.g., ' At,
1311, 1251, QOY, 186Re, 188Re, 1sssm’ 212Bi, 32P, 60C, and radio-
active isotopes of Lu).

The term “anti-cancer agent” as used herein refers to any
agent that can be used to treat a cell proliferative disorder such
as cancer, including but not limited to, cytotoxic agents, che-
motherapeutic agents, radiotherapy and radiotherapeutic
agents, targeted anti-cancer agents, and immunotherapeutic
agents.

The term “link,” when used in the context of describing
how the antigen-binding portion are connected within a
TMEMI16A binding molecule of this invention, encompasses
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all possible means for physically joining the regions. A anti-
gen-binding portion of a TMEMI1A binding molecule of the
invention and other portions of the molecule (e.g., a cytotoxic
agent) are frequently joined by chemical bonds such as a
covalent bond (e.g., a peptide bond or a disulfide bond) or a
non-covalent bond, which can be either a direct bond (i.e.,
without a linker) or indirect bond (i.e., with the aid of at least
one linker molecule between the antigen binding portion and
the other portion, such as a cytotoxic agent).

The terms “subject,” “patient,” and “individual” inter-
changeably refer to a mammal, for example, a human or a
non-human primate mammal. The mammal can also be a
laboratory mammal, e.g., mouse, rat, rabbit, hamster. In some
embodiments, the mammal can be an agricultural mammal
(e.g., equine, ovine, bovine, porcine, camelid) or domestic
mammal (e.g., canine, feline).

The term “treat” and “treatment” refer to both therapeutic
treatment and prophylactic or preventive measures, wherein
the object is to prevent or slow down an undesired physiologi-
cal change or disorder, such as the development or spread of
cancer. For purpose of this invention, beneficial or desired
clinical results include, but are not limited to, alleviation of
symptoms, diminishment of extent of disease, stabilized (i.e.,
not worsening) state of disease, delay or slowing of disease
progression, amelioration or palliation of the disease state,
and remission (whether partial or total), whether detectable or
undetectable. “Treatment” can also mean prolonging survival
as compared to expected survival if not receiving treatment.

The term “therapeutically acceptable amount” or “thera-
peutically effective dose” interchangeably refer to an amount
sufficient to effect the desired result (i.e., a reduction in tumor
size, inhibition of tumor growth). In some embodiments, a
therapeutically acceptable amount does not induce or cause
undesirable side effects. A therapeutically acceptable amount
can be determined by first administering a low dose, and then
incrementally increasing that dose until the desired effect is
achieved. A “therapeutically effective dosage” of a
TMEM16A binding molecule of the invention can prevent the
onset of, or result in a decrease in severity of, respectively,
disease symptoms, including symptoms associated with can-
cer.

The term “co-administer” refers to the simultaneous pres-
ence of two active agents in the blood of an individual. Active
agents that are co-administered can be concurrently or
sequentially delivered.

Asusedherein, the phrase “consisting essentially of’ refers
to the genera or species of active pharmaceutical agents
included in a method or composition, as well as any excipi-
ents inactive for the intended purpose of the methods or
compositions. In some embodiments, the phrase “consisting
essentially of” expressly excludes the inclusion of one or
more additional active agents other than an anti-TMEM16A
antibody (or fragments thereof, antibody drug conjugates
thereof) of the invention. In some embodiments, the phrase
“consisting essentially of” expressly excludes the inclusion
of one or more additional active agents other than an anti-
TMEMI16A antibody (or fragments thereof, antibody drug
conjugates thereof) of the invention and a second co-admin-
istered agent.

The terms “cancer-associated antigen™ or “tumor-associ-
ated antigen” or “tumor-specific marker” or “tumor marker”
interchangeably refers to a molecule (typically protein, car-
bohydrate or lipid) that is preferentially expressed on the
surface of a cancer cell in comparison to a normal cell, and
which is useful for the preferential targeting of a pharmaco-
logical agent to the cancer cell. Oftentimes, a cancer-associ-
ated antigen is a cell surface molecule that is overexpressed in
a cancer cell in comparison to a normal cell, for instance,
1-fold over expression, 2-fold overexpression, 3-fold overex-
pression or more in comparison to a normal cell. Oftentimes,
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a cancer-associated antigen is a cell surface molecule that is
inappropriately synthesized in the cancer cell, for instance, a
molecule that contains deletions, additions or mutations in
comparison to the molecule expressed on a normal cell.
Oftentimes, a cancer-associated antigen will be expressed
exclusively on the cell surface of a cancer cell and not syn-
thesized or expressed on the surface of a normal cell. Exem-
plified cell surface tumor markers include the proteins
c-erbB-2 and human epidermal growth factor receptor (HER)
for breast cancer, PSMA for prostate cancer, and carbohy-
drate mucins in numerous cancers, including breast, ovarian
and colorectal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 Shows human TMEM16A (SEQ ID NO: 1) topol-
ogy. Peptide sequence and localization of the S5E2DI1
TMEMI16A antibody binding region on the ECD2 (SEQ ID
NO: 3), and peptide sequence and localization of the 12E11
TMEMI16A antibody binding region on the ECD3 (SEQ ID
NO: 4), are shown respectively.

FIG. 2 shows representative images from Pantomics tissue
array. Images show staining of formalin fixed paraftin embed-
ded tissues incubated with SP-31 ab64085 (a rabbit antibody
against human TMEM16A). (A) normal spleen; (B) normal
breast; (C) normal testes; (D) normal stomach; (E) normal
small intestine; (F) normal heart; (G) malignant stromal
tumor stomach; (H) malignant stromal tumor small intestine;
and (I) normal liver.

FIG. 3 shows cell surface localization of endogenous
TMEMI16A in GIST882 cells. (A) cell surface staining with
IgG isotype control; (B) cell surface staining with SP-31
ab64085.

FIG. 4a (A) shows cell surface localization of over-ex-
pressed TMEMI16A in Hela cells. Hela stable cell lines were
generated expressing either (A) pCMV6-AC-GFP vector
only; or 4a (B) pCMV6-AC-TMEM16A-GFP. Expression of
TMEMI16A is restricted to the plasma membrane of the cells.
Cells imaged at 20x magnification. FIG. 4b: HEK293 stable
cell lines were generated expressing either pPCMV6-AC-GFP
vector only (A) or pPCMV6-AC-TMEMI16A-GFP (B). Cell
lines were imaged using a fluorescence microscope and GFP
expression measured. Expression of the vector only was seen
inthe cytoplasm of stable cells, TMEM16A is restricted to the
plasma membrane of the stable cell line cells. Cells imaged at
60x magnification. 12E11 binding to HEK293 stable cell
lines was measured using flow cytometry in vector only (C) or
TMEMI16A (D) expressing cell lines. 12E11 binding was
compared to isotype control antibody binding. FACS expres-
sion as measured by median fluorescence intensity was
detected only in HEK293-TMEMI16A cells in the presence of
12E11 not isotype control.

FIG. 5 shows internalization of TMEMI16A following
SE2D1 binding in GIST882 cells. SE2D1 reacts strongly to
GISTS882 cells in flow cytometry assays. (A) shows the raw
flow cytometry data. The median fluorescence intensities
were calculated and are shown graphed (B). FIG. 5 (C) shows
12E11 binding to HEK293-TMEM16A cells in flow cytom-
etry assays. The graph shows the median fluorescence inten-
sity flow cytometry data. By incubating cells labeled with
12E11 for 0, 5, 10, 15, 20, 40, 60, 120 min at 37° C. prior to
addition of the secondary antibody TMEM16A median fluo-
rescence intensity values drop to close to isotype control
levels (median 93). No loss of signal intensity was seen at 4°

FIG. 6 shows effect of Saporin and antibody conjugated
Saporinon GIST882 cells. (A) demonstrates cell killing in the
presence of free Saporin. (B) shows the effects of antibody
Saporin with different primary antibodies. (C) shows the
effects of isotype control (filled triangle) or SE2D1 (filled
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square) incubated with control goat-zap antibody conjugated
Saporin. (D) Hek293-TMEMI16A cells were seeded at 5000
cells per well into a 96 well white walled plate. After 24 h
12E11 was titrated out in 10 fold serial dilutions into a species
specific anti-rat secondary antibody coupled to saporin or
non-specific goat-zap control. Secondary antibody concen-
trations were normalized to 100 ng per well throughout. Pri-
mary antibody concentration top doses started at 100 nM.
Antibody was spiked onto the cells at 10x final and cells
harvested in a CTG assay 72h later. 12E11 killing was
observed only in the presence of specific secondary antibody.

FIG. 7 shows SP31 ab64085 recognizes a different epitope
within ECD2 of TMEM16A, as compared to SE2D1.

DETAILED DESCRIPTION

The present invention provides molecules that bind to
TMEMI16A (“TMEMI16A binding molecules”™), particularly
human or humanized antibodies, antibody fragments, and
antibody drug conjugates (ADCs) that bind to TMEM16A
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and modulate its functions. Epitopes of TMEM16A and mol-
ecules that bind to these epitopes are also provided herein.
The TMEMI16A binding molecules (e.g., antibodies, anti-
body fragments, and antibody drug conjugates) of the present
invention find uses in diagnosis and treatment of cancer, e.g.,
gastrointestinal cancer, gastrointestinal stromal tumor,
tumors of mesenchymal, epithelia, and stromal origin, esoph-
ageal squamous cell carcinoma, oral squamous cell carci-
noma, cancers of the head and neck, and all other cancers
containing the 11q13 amplification; as well as in diagnosis
and treatment of other diseases, such as infections, inflam-
matory or immunological diseases.

The full length sequence of human TMEMIG6A is
described in Caputo A. et al., Science, 24:322(5901)590-594
(2008), and is shown in Table 1 as SEQ ID NO: 1 (amino acid
sequence) and SEQ ID NO:2 (nucleic acid sequence). This is
the full length amino acid sequence corresponding to
NP.sub.—060513.5 plus a 22 amino acid in- frame insert
variantb [ANO1-007 ENSP00000433445] from the Ensembl
database (see, uswest.ensembl.org/index . html).

TABLE 1

Human TMEM16A Amino Acid and Nucleic Acid Sequences

Amino acid sequence of human TMEM16A (abcd)

(SEQ ID NO: 1, 1008 amino acids) .

MRVNERKYSTLPAEDRSVHIINICATEDIGYLPSEGTLLNSLSVDPDAECKYGLYFRDGRRKVDY ILVYHHKRPSGNRTL

VRRVQHSDTPSGARSVRKQDHPLPGKGASLDAGSGEPPMDYHEDDKRFRREEYEGNLLEAGLELERDEDTKIHGVGFVKI

HAPWNVLCREAEFLKLKMPTKKMYHINETRGLLKKINSVLQKITDPIQPKVAEHRPQTMKRLSYPFSREKQHLFDLSDK
DSFFDSKTRSTIVYEILKRTTCTKAKY SMGQGEGRKKDSALLSKRRKCGKYGITSLLANGVYAAAYPLHDGDYNGENVE
FNDRKLLYEEWARYGVFYKYQPIDLVRKYFGEKIGLYFAWLGVYTQMLIPASIVGIIVFLYGCATMDENIPSMEMCDOQR
HNITMCPLCDKTCSYWKMS SACATARASHLFDNPATVFFSVFMALWAATFMEHWKRKOMRLNYRWDLTGFEEEEEAVKD
HPRAEYEARVLEKSLKKESRNKEKRRHIPEES INKWKORVKTAMAGVKL TDKVKLTWRDRFPAYLTNLVSIIFMIAVTF
AIVLGVIIYRISMAAALAMNSSPSVRSNIRVTVTATAVIINLVVIILLDEVYGCIARWLTKIEVPKTEKSFEERLIFKA
FLLKFVNSYTPIFYVAFFKGRFVGRPGDYVYIFRSFRMEECAPGGCLMELCIQLSI IMLGKQLIQNNLFEIGI PKMKKL
IRYLKLKQQSPPDHEECVKRKQRYEVDYNLEPFAGLTPEYMEMIIQFGFVTLFVASFPLAPLFALLNNI IEIRLDAKKF
VTELRRPVAVRAKDIGIWYNILRGIGKLAVIINAFVISFTSDFIPRLVYLYMYSKNGTMHGFVNHTLSSFNVSDFQNGT
APNDPLDLGYEVQICRYKDYREPPWSENKYDISKDFWAVLAARLAFVIVFQNLVMFMSDFVDWVIPDIPKDISQQIHKE
KVLMVELFMREEQDKQQLLETWMEKERQKDEPPCNHHNTKACPDSLGSPAPSHAYHGGVL

Nucleic Acid Sequence of human TMEM16A

(SEQ ID NO: 2)

1 aaaggcgggc cggctggegt ccaagttcct gaccaggcege gggeccggece gocgggaccag

61 cagccgggtg gcggcgcgat cggeccccgag aggctcagge gecccccgca tcgagcegage
121 gggecgggey ggccagggeg gcgggeggag cgggaggegg ccacgteccee ggegggectg
181 ggcgcgggga ggcccggece cctgcegageg cgcecgcgaac getgeggtcet ccgccegcag
241 aggccgcegg ggecgtggat ggggagggeg cgccgceccegg cggtcccage gcacaggoegg
301 ccacgatgag ggtcaacgag aagtactcga cgcteccegge cgaggaccge agegtccaca
361 tcatcaacat ctgegeccatec gaggacatcg gctacctgecc gbtcecgaggge acgetgetga
421 actcecttate tgtggacecct gatgeccgagt gcaagtatgg cctgtacttec agggacggee
481 ggcgcaaggt ggactacatce ctggtgtacec atcacaagag gceccteggge aaccggaccee
541 tggtcaggag ggtgcagcac agcgacacce cctetgggge tcgcagegte aagcaggace
601 accccctgee gggcaagggg gegbegetgg atgcaggete gggggagece ccgatggact
661 accacgagga tgacaagecge tteccgcaggg aggagtacga gggcaaccte ctggaggegg
721 geectggaget ggagegggac gaggacacta aaatccacgg agtegggttt gtgaaaatcee
781 atgeccceectg gaacgtgetg tgcagagagg ccgagtttcect gaaactgaag atgccgacga
841 agaagatgta ccacattaat gagaccegtg gcctcctgaa aaaaatcaac tctgtgcetcee
901 agaaaatcac agatcccatc cagcccaaag tggctgagca caggccccag accatgaaga
961 gactcteccta tcecttctece cgggagaage agcatctatt tgacttgtet gataaggatt
1021 cctttttega cagcaaaacec cggagcacga ttgtctatga gatcttgaag agaacgacgt
1081 gtacaaaggc caagtacagc atgggccaag gecgagggaag aaagaaggac tcecgccctte
1141 taagtaaaag gcggaaatgt gggaagtatg gcatcacgag cctgetggeec aatggtgtgt
1201 acgcggctge atacccactg cacgatggag actacaacgg tgaaaacgtc gagttcaacg
1261 acagaaaact cctgtacgaa gagtgggcac gctatggagt tttctataag taccagccca
1321 tcgacctggt caggaagtat tttggggaga agatcggect gtacttegeec tggectgggcg
1381 tgtacaccca gatgctcatc cctgecctcecca tecgtgggaat cattgtcttec ctgtacggat
1441 gegccaccat ggatgaaaac atccccagca tggagatgbtg tgaccagaga cacaatatca
1501 ccatgtgeccec getttgegac aagacctgeca gectactggaa gatgagctca gecctgegeca
1561 cggcccgege cagecaccte ttecgacaace ccgecacggt cttcttctet gbcttcatgg
1621 cecectetggge tgccacctte atggagcact ggaageggaa acagatgecga ctcaactace
1681 getgggacet cacgggettt gaagaggaag aggaggetgt caaggatcat cctagagetg
1741 aatacgaagc cagagtcttg gagaagtcte tgaagaaaga gtccagaaac aaagagaagc
1801 geecggcatat tccagaggag tcaacaaaca aatggaagca gagggttaag acagccatgg
1861 cgggggtgaa attgactgac aaagtgaage tgacatggag agatcggtte ccagectace
1921 tcactaactt ggtctccatec atcttcatga ttgcagtgac gtttgeccatc gtccteggeg
1981 tcatcatcta cagaatctcc atggcecgeccg ccttggccat gaactcctcec cecctecegtge
2041 ggtccaacat ccgggtcaca gtcacagcca ccgcagtcat catcaaccta gtggtcatca
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TABLE 1-continued

18

Human TMEM16A Amino Acid and Nucleic Acid Sequences

2101 tcctectgga cgaggtgtat ggectgcatag ccecgatgget caccaagatec gaggtcccaa
2161 agacggagaa aagctttgag gagaggctga tcttcaagge tttecctgetg aagtttgtga
2221 attecctacac ccccatcttt tacgtggegt tcttcaaagg ceggtttgtt ggacgeecegg
2281 gcgactacgt gtacattttc cgttccttecec gaatggaaga gtgtgecgecca gggggectgcee
2341 tgatggagct atgcatccag ctcagcatca tcatgetggg gaaacagetg atccagaaca
2401 acctgttega gatcggcatc ccgaagatga agaagctcat ccgectacctg aagectgaage
2461 agcagagccce ccctgaccac gaggagtgtg tgaagaggaa acagcggtac gaggtggatt
2521 acaacctgga gcecttegeg ggectcacce cagagtacat ggaaatgate atccagtttg
2581 gcttegtcac cctgtttgte gecctccttecec ccctggeccee actgtttgeg ctgctgaaca
2641 acatcatcga gatcecgectg gacgccaaaa agtttgtcac tgagctcega aggeceggtag
2701 ctgtcagagec caaagacatc ggaatctggt acaatatcect cagaggcatt gggaagettg
2761 ctgtcatcat caatgccttc gtgatctcct tcacgbtctga cttcatcceg cgecctggtgt
2821 acctctacat gtacagtaag aacgggacca tgcacggctt cgtcaaccac accctcteet
2881 ccttcaacgt cagtgacttc cagaacggca cggcccccaa tgacccectg gacctggget
2941 acgaggtgca gatctgcagg tataaagact accgagagec gecegtggteg gaaaacaagt
3001 acgacatctc caaggactte tgggeccgtece tggcageceg getggegttt gtcatcgtet
3061 tccagaacct ggtcatgttc atgagecgact ttgtggactg ggtcatcceg gacatcccca
3121 aggacatcag ccagcagatc cacaaggaga aggtgctcat ggtggagetg ttcatgeggg
3181 aggagcaaga caagcagcag ctgctggaaa cctggatgga gaaggagegg cagaaggacg
3241 agccgeegtg caaccaccac aacaccaaag cctgcccaga cagectegge ageccagece
3301 ccageccatge ctaccacggg ggegbtectgt agctatgcca gecggggctgg gcaggccagce
3361 cgggcatcct gaccgatggg caccctetece cagggcagge ggctteccge tcccaccagg
3421 gcecggtggg tectgggttt tectgcaaaca tggaggacca ctttcectgata ggacatttte
3481 ctttecttctt tcectgttttct ttcecttgtt tttgcacaaa gccattatge agggaatatt
3541 ttttaatctg tagtattcaa gatgaatcaa aatgatggct ggtaatacgg caataaggta
3601 gcaaaggcag dgtgctttgca gaaagaatgc ttggaaactt gagtctccct agaggtgaaa
3661 agtgagcaga ggcccgtaga aaccctcecte tgaatcctcee taattcectta agatagatge
3721 aaaatggtaa gccgaggcat cgcgcaaaag ctggtgcgat gcettcaggga aaatggaaaa
3781 cccacgcaag aataatgatt gattccggtt ccaaaaggtg tcacctacct gtttcagaaa
3841 agttagactt tccatcgect tttectteca tcagttgagt ggctgagaga gaagtgcecte
3901 atccctgage cacacagggg gegtgggage atcccagtta tcectggaaa gctagaaggg
3961 gacagaggtg tccctgatta agcaggaaac agcacccttyg gegtecccag caggctccce
4021 actgtcagcc acacacctgc ccccatcaca ccaagccgac ctcagagttg ttcatcttece
4081 ttatgggaca aaaccggttg accagaaaat gggcagagag agatgacctg gaagcatttce
4141 cacagatggt gtcagggttt caagaagtct tagggcttce aggggtcccc tggaagcttt
4201 agaatattta tgggtttttt tttcaaatat caattatatg gtagattgag gatttttttt
4261 ctgtagctca aaggtggagg gagtttatta gttaaccaaa tatcgttgag aggaatttaa
4321 aatactgtta ctaccaaaga tttttattaa taaaggctta tattttggta acacttctcect
4381 atatttttac tcacaggaat gtcactgttg gacaattatt ttaaaagtgt ataaaaccaa
4441 gtctcataaa tgatatgagt gatctaaatt tgcagcaatg atactaaaca actctctgaa
4501 atttctcaag caccaagaga aacatcattt tagcaaaggc caggaggaaa aatagaaata
4561 aatttgtctt gaagatctca ttgatgtgat gttacattcc ctttaatctg ccaactgtgg
4621 tcaaagttca taggtgtcgt acatttccat tatttgctaa aatcatgcaa tctgatgett
4681 ctcttttcte ttgtacagta agtagtttga agtgggtttt gtatataaat actgtattaa
4741 aaattaggca attaccaaaa atccttttat ggaaaccatt tttttaaaaa gtgaatgtac
4801 acaaatccac agaggactgt ggctggacat tcatctaaat aaatttgaat atacgacact
4861 tttctcactt gaaaaa

The TMEM16A has four known splice variants named a, b,
c. and d. Functional TMEM16A can be one of the following
combinations of the splice variants: ac, abc, acd, or the abcd
isoform. The sequences corresponding to the four splice vari-
ants a, b, ¢, and d are underlined in Table 1. The position of the
four segments is the following: (a) amino acids 1-116; (b)
amino acids 268-289; (c¢) amino acids 470-473; and (d) amino
acids 498-523. These four segments are predicted to be
exposed to the cytosol. The open reading frame of the gene is
defined by position 306-3332 of SEQ ID NO:2 in Table 1,
which encodes a 1008 long amino acid sequence (TMEM16A
with all four splice variants abcd).

The present invention is based, in part, on the discovery
that certain antibodies or antigen binding fragments thereof
are capable of internalization upon binding to the ECD2 or
ECD3 domain of TMEMI16A. Accordingly, the present
invention provides molecules, particularly human or human-
ized antibodies, antibody fragments, and antibody drug con-
jugates, that bind to human TMEM16A extracellular domain
2 or3 (ECD2 or ECD3) and internalize into the cell upon such
binding. In some embodiments, the present invention pro-
vides molecules, particularly human or humanized antibod-
ies, antibody fragments, and antibody drug conjugates, that

specifically bind to (1) a peptide comprising or consisting of
amino acid sequence that is at least 60%, at least 70%, at least
80%, at least 90%, or 100% identical to KLIRYLKLKQ
(SEQID NO:3); and (2) ECD2 of human TMEM16A. ECD2
as the binding site has several advantages, for example, there
is only one cysteine with unknown bridging pattern to other
loop and no potential glycosylation site; ECD2 is also in
proximity to the active site of the channel and antigen binding
molecules binding to this region are likely to disrupt and/or
block the channel function; and finally, this region is least
similar to other TMEM16 family members and not likely to
cross react.

In some embodiments, the present invention provides mol-
ecules, particularly human or humanized antibodies, anti-
body fragments, and antibody drug conjugates, that specifi-
cally bind to (1) a peptide comprising or consisting of amino
acid sequence that is at least 60%, at least 70%, at least 80%,
atleast 90%, or 100% identical to RYKDYREPPWS (SEQID
NO:4); and (2) ECD3 of human TMEM16A. Binding to this
epitope region with an antibody induces internalization of
TMEMI16A suggesting it is an optimal site for therapeutic
antibody generation as it will impede TMEM16A activity and
result in an inhibition of tumor cell growth.
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The TMEMI16A binding antibodies (and fragments
thereof) of the invention can internalize and thus ideal candi-
dates for using as antibody drug conjugates (e.g., link to a
cytotoxic agent or other type of payload) to treat cancer. Such
benefits as well as other benefits of the antigen binding mol-
ecules of the invention are demonstrated throughout the
specification.

1. Anti-TMEMI16A Antibodies

Accordingly, the present invention provides TMEM16A
binding antibodies, antibody fragments, and antibody drug
conjugates that can be used for treating cancer, infections, and
inflammatory or immunological diseases. In some embodi-
ments, the TMEM16A binding antibodies (or fragments
thereof) of the invention are non-human antibodies, e.g.,
mouse antibodies (or fragments thereof). In some embodi-
ments, the TMEM16A binding antibodies (or antigen binding
fragments thereof) of the invention are human or humanized
antibodies (or fragments thereof). In some embodiments, the
antibodies (or antigen binding fragments thereof) of the
invention can bind to TMEM16A and inhibit one or more of
its activities (antagonist antibody). In some embodiments, the
antibodies (or fragments thereof) of the invention can bind to
TMEMI16A and enhance one or more of its activities (agonist
antibody). In some embodiments, the antibodies (or antigen
binding fragments thereof) of the invention are capable of
binding to TMEMI16A, but do not affect its activities. All
types of antibodies can be used in the antibody drug conju-
gates context.

In one embodiment, the present invention provides an anti-
body (or antigen binding fragment thereof) that specifically
binds to ECD2 of TMEMI16A and internalize upon such
binding. In another embodiment, the present invention pro-
vides an antibody (or antigen binding fragment thereof) that
specifically binds to (1) a peptide comprising or consisting of
an amino acid sequence that is at least 60%, at least 70%, at
least 80%, at least 90%, or 100% identical to KLIRYLKL.KQ
(SEQ ID NO: 3); and (2) ECD2 of human TMEM16A.

In one embodiment, the present invention provides an anti-
body (or antigen binding fragment thereof) that specifically
binds to ECD3 of TMEMI16A and internalize upon such
binding. In another embodiment, the present invention pro-
vides an antibody (or antigen binding fragment thereof) that
specifically binds to (1) a peptide comprising or consisting of
an amino acid sequence that is at least 60%, at least 70%, at
least 80%, at least 90%, or 100% identical to RYKDYREP-
PWS (SEQ ID NO: 4); and (2) ECD3 of human TMEMI16A.

In one embodiment, the present invention provides an anti-
body (or an antigen binding fragment thereof) that specifi-
cally binds to an epitope of human TMEM16A comprising or
consisting of an amino acid sequence that is at least 60%, at
least 70%, at least 80%, at least 90%, or 100% identical to
KLIRYLKLKQ (SEQ ID NO: 3), or a portion thereof. In
some embodiments, the antibodies of the invention (or anti-
gen binding fragments thereof) specifically bind to an epitope
on ECD2 of TMEMI16A that comprises or consisting of an
amino acid sequence that is at least 60%, at least 70%, at least
80%, at least 90%, or 100% identical to KLIRYLKLKQ
(SEQ ID NO: 3), or a portion thereof. In some embodiments,
such antibodies (or antigen binding fragments thereof) are
human antibodies. In some embodiments, such antibodies (or
antigen binding fragments thereof) are humanized antibod-
ies.

In one embodiment, the present invention provides an anti-
body (or an antigen binding fragment thereof) that specifi-
cally binds to an epitope of human TMEM16A comprising or
consisting of an amino acid sequence that is at least 60%, at
least 70%, at least 80%, at least 90%, or 100% identical to
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RYKDYREPPWS (SEQ ID NO: 4), or a portion thereof. In
some embodiments, the antibodies of the invention (or anti-
gen binding fragments thereof) specifically bind to an epitope
on ECD3 of TMEMI16A that comprises or consisting of an
amino acid sequence that is at least 60%, at least 70%, at least
80%, at least 90%, or 100% identical to RYKDYREPPWS
(SEQ ID NO: 4), or a portion thereof. In some embodiments,
such antibodies (or antigen binding fragments thereof) are
human antibodies. In some embodiments, such antibodies (or
antigen binding fragments thereof) are humanized antibod-
ies.

In some embodiments, the antibodies (or antigen binding
fragments thereof) of the invention internalize into a cell upon
binding to TMEMI16A, and thus are good candidates for
antibody drug conjugates (ADCs).

In one embodiment, the present invention provides a
mouse antibody, or an antigen biding fragment thereof, that
binds to TMEMI16A ECD2, and generated by using
KLIRYLKLKQ (SEQ ID NO: 3) peptide as the antigen. In
another embodiment, the present invention provides a
humanized version of the mouse antibody (or antigen binding
fragment thereof). In another embodiment, the present inven-
tion provides a mouse antibody or antigen binding fragment
thereof that binds TMEM16A ECD3, and comprises heavy
chain CDR1 of SEQIDNO:8, CDR2 of SEQIDNO:9, CDR3
of SEQ ID NO:10, and light chain CDR1 of SEQ ID NO:11,
CDR2 of SEQ ID NO:12, and CDR3 of SEQ ID NO:13. In
another embodiment, the present invention provides a
humanized version of the mouse antibody or antigen binding
fragment described herein.

In some embodiments, the anti-TMEMI16A antibodies of
the invention contain a minimum binding sequence determi-
nant (BSD) within the CDR3 of the heavy and light chains
derived from the originating or reference monoclonal anti-
body (e.g., the mouse antibody described above). The remain-
ing sequences of the heavy chain and light chain variable
regions (CDR and FR), e.g., V-segment and J-segment, are
from corresponding human germline and affinity matured
amino acid sequences. The V-segments can be selected from
a human V-segment library. Further sequence refinement can
be accomplished by affinity maturation.

In another embodiment, the heavy and light chains of the
anti-TMEMI16A antibodies contain a human V-segment from
the corresponding human germline sequence (FR1-CDRI1-
FR2-CDR2-FR3), e.g., selected from a human V-segment
library, and a CDR3-FR4 sequence segment from the origi-
nating monoclonal antibody. The CDR3-FR4 sequence seg-
ment can be further refined by replacing sequence segments
with corresponding human germline sequences and/or by
affinity maturation. For example, the FR4 and/or the CDR3
sequence surrounding the BSD can be replaced with the cor-
responding human germline sequence, while the BSD from
the CDR3 of the originating monoclonal antibody is retained.

The present invention provides fully human antibodies that
specifically bind to a TMEMI16A protein (e.g., human
TMEMI16A). Compared to the chimeric or humanized anti-
bodies, the human TMEMI16A-binding antibodies of the
invention have further reduced antigenicity when adminis-
tered to human subjects.

The human TMEM16A-binding antibodies can be gener-
ated using methods that are known in the art. For example, the
Humaneering™ technology used to converting non-human
antibodies into engineered human antibodies. U.S. Patent
Publication No. 20050008625 describes an in vivo method
for replacing a nonhuman antibody variable region with a
human variable region in an antibody while maintaining the
same or providing better binding characteristics relative to
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that of the nonhuman antibody. The method relies on epitope
guided replacement of variable regions of a non-human ref-
erence antibody with a fully human antibody. The resulting
human antibody is generally unrelated structurally to the
reference nonhuman antibody, but binds to the same epitope
on the same antigen as the reference antibody.

The anti-TMEM16A antibodies of the invention are based
on engineered human antibodies with V-region sequences
having substantial amino acid sequence identity to human
germline V region sequences while retaining the specificity
and affinity of a reference antibody. See, U.S. Patent Publi-
cation No. 2005/0255552 and U.S. Patent Publication No.
2006/0134098, both of which are hereby incorporated herein
by reference. The process of improvement identifies minimal
sequence information required to determine antigen-binding
specificity from the variable region of a reference antibody,
and transfers that information to a library of human partial
V-region gene sequences to generate an epitope-focused
library of human antibody V regions. A microbial-based
secretion system can be used to express members of the
library as antibody Fab fragments and the library is screened
for antigen-binding Fabs, for example, using a colony-lift
binding assay. See, e.g., U.S. Patent Publication No. 2007/
0020685. Positive clones can be further characterized to iden-
tify those with the highest affinity. The resultant engineered
human Fabs retain the binding specificity of the parent, ref-
erence anti-TMEMI16A antibody, typically have equivalent
or higher affinity for antigen in comparison to the parent
antibody, and have V-regions with a high degree of sequence
identity compared with human germ-line antibody V-regions.

The minimum binding specificity determinant (BSD)
required to generate the epitope-focused library is typically
represented by a sequence within the heavy chain CDR3
(“CDRH3”) and a sequence within the light chain of CDR3
(“CDRL3”). The BSD can comprise a portion or the entire
length of a CDR3. The BSD can be comprised of contiguous
or non-contiguous amino acid residues. In some cases, the
epitope-focused library is constructed from human V-seg-
ment sequences linked to the unique CDR3-FR4 region from
the reference antibody containing the BSD and human germ-
line J segment sequences (see, U.S. Patent Publication No.
2005/0255552). Alternatively, the human V segment libraries
can be generated by sequential cassette replacement in which
only part of the reference antibody V segment is initially
replaced by a library of human sequences. The identified
human “cassettes” supporting binding in the context of
residual reference antibody amino acid sequences are then
recombined in a second library screen to generate completely
human V segments (see, U.S. Patent Publication No. 2006/
0134098).

In each case, paired heavy and light chain CDR3 segments,
CDR3-FR4 segments, or J segments, containing specificity
determinants from the reference antibody, are used to con-
strain the binding specificity so that antigen-binders obtained
from the library retain the epitope-specificity of the reference
antibody. Additional maturational changes can be introduced
in the CDR3 regions of each chain during the library con-
struction in order to identify antibodies with optimal binding
kinetics. The resulting engineered human antibodies have
V-segment sequences derived from the human germ-line
libraries, retain the short BSD sequence from within the
CDR3 regions and have human germ-line framework 4 (FR4)
regions.

The anti-TMEMI16A antibodies of the present invention
generally will bind TMEM 16 A with an equilibrium dissocia-
tion constant (K,) of less than about 10~ M or 10~° M, for
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example, less than about 107'° M or 107'' M, in some
embodiments less than about 107'* M or 107! M.

The anti-TMEM16A antibodies optionally can be multim-
erized and used according to the methods of this invention.
The anti-TMEMI16A antibodies can be a full-length tet-
rameric antibody (i.e., having two light chains and two heavy
chains), a single chain antibody (e.g., a scFv), or a molecule
comprising antibody fragments that form one or more anti-
gen-binding sites and confer TMEM 16 A-binding specificity,
e.g., comprising heavy and light chain variable regions (for
instance, Fab' or other similar fragments).

Antibodies that Bind to the Same Epitope

In one embodiment, the present invention provides anti-
bodies that bind to an epitope region comprising or consisting
of KLIRYLKLKQ (SEQ ID NO:3), amino acids 707-719 of
ECD2 of TMEMI16A, or a portion thereof. In another
embodiment, the present invention provides antibodies that
bind to an epitope region comprising or consisting of
RYKDYREPPWS (SEQ ID NO:4), amino acids 839-904 of
ECD3 of TEMEMI16A, or a portion thereof. The present
invention also provides antibodies that bind to the same
epitope as does the TMEM16A-binding antibody SE2D1 or
12E11 (or a humanized version thereof). Additional antibod-
ies can therefore be identified based on their ability to cross-
compete (e.g., to competitively inhibit the binding of, in a
statistically significant manner) with SE2D1 or 12E11 (or a
humanized version thereof) in TMEMI16A binding assays.
Competitive inhibition can occur, for example, if the
TMEMI16A binding molecules bind to identical or structur-
ally similar epitopes (e.g., overlapping epitopes), or spatially
proximal epitopes which, when bound, causes steric hin-
drance between the antibodies. The ability of a test antibody
to inhibit the binding of SE2D1 or 12E11 (or a humanized
version thereof) to a TMEMI16A protein demonstrates that
the test antibody can compete with SE2D1 or 12E11 (or a
humanized version thereof) for binding to TMEM16A; such
anantibody may, according to non-limiting theory, bind to the
same or a related (e.g., a structurally similar or spatially
proximal) epitope on the TMEM16A protein as the antibody
with which it competes. In a certain embodiment, the anti-
body that binds to the same epitope on TMEMI16A as the
antibodies of the present invention is a human or humanized
monoclonal antibody. Such human or humanized monoclonal
antibodies can be prepared and isolated as described herein
and methods well known in the art.

Competitive inhibition can be determined using routine
assays in which the TMEM16A binding molecule under test
inhibits specific binding of a reference TMEM16A binding
molecule to a common antigen. Numerous types of competi-
tive binding assays are known, for example: solid phase direct
or indirect radioimmunoassay (RIA), solid phase direct or
indirect enzyme immunoassay (EIA), sandwich competition
assay (see Stahli et al., Methods in Enzymology 9:242
(1983)); solid phase direct biotin-avidin EIA (see Kirkland et
al., J. Immunol. 137:3614 (1986)); solid phase direct labeled
assay, solid phase direct labeled sandwich assay (see Harlow
and Lane, Antibodies: A Laboratory Manual, Cold Spring
Harbor Press (1988)); solid phase direct label RIA using
1-125 1abel (see Morel et al., Mol. Immunol. 25(1):7 (1988));
solid phase direct biotin-avidin EIA (Cheung et al., Virology
176:546 (1990)); and direct labeled RIA. (Moldenhauer etal.,
Scand. J. Immunol. 32:77 (1990)). Typically, such an assay
involves the use of purified antigen bound to a solid surface or
cells bearing either of these, an unlabeled test TMEM16A
binding molecule and a labeled reference TMEM16A bind-
ing molecule. Competitive inhibition is measured by deter-
mining the amount of label bound to the solid surface or cells
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in the presence of the test TMEMI16A binding molecule.
Usually the test TMEM16A binding molecule is present in
excess. Usually, when a competing TMEM16A binding mol-
ecule is present in excess, it will inhibit specific binding of a
reference TMEM16A binding molecule to a common antigen
by at least 50-55%, 55-60%, 60-65%, 65-70% 70-75% or
more.

Other techniques include, for example, epitope mapping
methods, such as, x-ray analyses of crystals of antigen:
TMEMI16A binding molecule complexes which provides
atomic resolution of the epitope. Other methods monitor the
binding of the TMEM16A binding molecule to antigen frag-
ments or mutated variations of the antigen where loss of
binding due to a modification of an amino acid residue within
the antigen sequence is often considered an indication of an
epitope component. In addition, computational combinato-
rial methods for epitope mapping can also be used. These
methods rely on the ability of the TMEM16A binding mol-
ecule of interest to affinity isolate specific short peptides from
combinatorial phage display peptide libraries. The peptides
are then regarded as leads for the definition of the epitope
corresponding to the TMEM16A binding molecule used to
screen the peptide library. For epitope mapping, computa-
tional algorithms have also been developed which have been
shown to map conformational discontinuous epitopes.
Engineered and Modified Antibodies

An antibody of the invention further can be engineered by
modifying one or more residues within one or both variable
regions (i.e., V5 and/or V;), for example within one or more
CDR regions and/or within one or more framework regions.
Additionally or alternatively, an antibody can be engineered
by modifying residues within the constant region(s), for
example to alter the effector function(s) of the antibody.

One type of variable region engineering that can be per-
formed is CDR grafting. Antibodies interact with target anti-
gens predominantly through amino acid residues that are
located in the six heavy and light chain complementarity
determining regions (CDRs). For this reason, the amino acid
sequences within CDRs are more diverse between individual
antibodies than sequences outside of CDRs. Because CDR
sequences are responsible for most antibody-antigen interac-
tions, it is possible to express recombinant antibodies that
mimic the properties of a specific antibody by constructing
expression vectors that include CDR sequences from the spe-
cific antibody grafted onto framework sequences from a dif-
ferent antibody with different properties (see, e.g., Riech-
mann, L. et al., 1998 Nature 332:323-327; Jones, P. et al.,
1986 Nature 321:522-525; Queen, C. et al., 1989 Proc. Natl.
Acad., U.S.A. 86:10029-10033; U.S. Pat. No. 5,225,539 to
Winter, and U.S. Pat. Nos. 5,530,101; 5,585,089, 5,693,762
and 6,180,370 to Queen et al.)

Accordingly, another embodiment of the invention per-
tains to an isolated monoclonal antibody, or an antigen bind-
ing fragment thereof, that binds to ECD2, or an epitope region
comprising or consisting of KLIRYLKLKQ (SEQ ID NO:3),
or a portion thereof such antibodies contain the V, and V,
CDR sequences of monoclonal antibodies from one species
(e.g., mouse), yet may contain different framework sequences
from another species (e.g., human). The present invention
also provides isolated monoclonal antibodies, or an antigen
binding fragment thereof, that binds to ECD3, or an epitope
region comprising or consisting of RYKDYREPPWS (SEQ
1D NO:4), or a portion thereof such antibodies contain the V,
and V; CDR sequences of monoclonal antibodies from one
species (e.g., mouse), yet may contain different framework
sequences from another species (e.g., human).
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Such framework sequences can be obtained from public
DNA databases or published references that include germline
antibody gene sequences. For example, germline DNA
sequences for human heavy and light chain variable region
genes can be found in the “VBase” human germline sequence
database (available on the Internet at mrc-cpe.cam.ac.uk/
vbase), as well as in Kabat, E. A, et al., 1991 Sequences of
Proteins of Immunological Interest, Fifth Edition, U.S.
Department of Health and Human Services, NIH Publication
No. 91-3242; Tomlinson, 1. M., et al., 1992 J. Mol. Biol.
227:776-798; and Cox, J. P. L. et al., 1994 Eur. ] Immunol.
24:827-836.

An example of framework sequences for use in the anti-
bodies of the invention are those that are structurally similar
to the framework sequences used by selected antibodies of the
invention, e.g., consensus sequences and/or framework
sequences used by monoclonal antibodies of the invention.
The V,CDRI1, 2 and 3 sequences, and the V, CDR1, 2 and 3
sequences, can be grafted onto framework regions that have
the identical sequence as that found in the germline immuno-
globulin gene from which the framework sequence derive, or
the CDR sequences can be grafted onto framework regions
that contain one or more mutations as compared to the germ-
line sequences. For example, it has been found that in certain
instances it is beneficial to mutate residues within the frame-
work regions to maintain or enhance the antigen binding
ability of the antibody (see e.g., U.S. Pat. Nos. 5,530,101;
5,585,089; 5,693,762 and 6,180,370 to Queen et al).

Another type of variable region modification is to mutate
amino acid residues within the V, and/or V, CDR1, CDR2
and/or CDR3 regions to thereby improve one or more binding
properties (e.g., affinity) of the antibody of interest, known as
“affinity maturation.” Site-directed mutagenesis or PCR-me-
diated mutagenesis can be performed to introduce the muta-
tion(s) and the effect on antibody binding, or other functional
property of interest, can be evaluated in in vitro or in vivo
assays as described herein and provided in the Examples.
Conservative modifications can be introduced. The mutations
may be amino acid substitutions, additions or deletions.
Moreover, typically no more than one, two, three, four or five
residues within a CDR region are altered.

Framework or Fc Engineering

When present, the constant regions of the anti-TMEM16A
antibodies can be any type or subtype, as appropriate, and can
be selected to be from the species of the subject to be treated
by the present methods (e.g., human, non-human primate or
other mammal, for example, agricultural mammal (e.g.,
equine, ovine, bovine, porcine, camelid), domestic mammal
(e.g., canine, feline) or rodent (e.g., rat, mouse, hamster,
rabbit). In some embodiments the anti-TMEM16A antibod-
ies are humanized or Humaneered™. In some embodiments,
the constant region isotype is IgG, for example, 1gG1.

Engineered antibodies of the invention include those in
which modifications have been made to framework residues
within V, and/or V;, e.g. to improve the properties of the
antibody. Typically such framework modifications are made
to decrease the immunogenicity of the antibody. For example,
one approach is to “backmutate” one or more framework
residues to the corresponding germline sequence. More spe-
cifically, an antibody that has undergone somatic mutation
may contain framework residues that differ from the germline
sequence from which the antibody is derived. Such residues
can be identified by comparing the antibody framework
sequences to the germline sequences from which the antibody
is derived. To return the framework region sequences to their
germline configuration, the somatic mutations can be “back-
mutated” to the germline sequence by, for example, site-
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directed mutagenesis. Such “backmutated” antibodies are
also intended to be encompassed by the invention.

Another type of framework modification involves mutat-
ing one or more residues within the framework region, or even
within one or more CDR regions, to remove T cell-epitopes to
thereby reduce the potential immunogenicity of the antibody.
This approach is also referred to as “deimmunization” and is
described in further detail in U.S. Patent Publication No.
20030153043 by Carr et al.

In addition or alternative to modifications made within the
framework or CDR regions, antibodies of the invention may
be engineered to include modifications within the Fc region,
typically to alter one or more functional properties of the
antibody, such as serum half-life, complement fixation, Fc
receptor binding, and/or antigen-dependent cellular cytotox-
icity. Furthermore, an antibody of the invention may be
chemically modified (e.g., one or more chemical moieties can
be attached to the antibody) or be modified to alter its glyco-
sylation, again to alter one or more functional properties of
the antibody.

In one embodiment, the hinge region of CH1 is modified
such that the number of cysteine residues in the hinge region
is altered, e.g., increased or decreased. This approach is
described further in U.S. Pat. No. 5,677,425 by Bodmer et al.
The number of cysteine residues in the hinge region of CH1 is
altered to, for example, facilitate assembly of the light and
heavy chains or to increase or decrease the stability of the
antibody.

In another embodiment, the Fc hinge region of an antibody
is mutated to decrease the biological half-life of the antibody.
More specifically, one or more amino acid mutations are
introduced into the CH2-CH3 domain interface region of the
Fc-hinge fragment such that the antibody has impaired Sta-
phylococcyl protein A (SpA) binding relative to native Fc-
hinge domain SpA binding. This approach is described in
further detail in U.S. Pat. No. 6,165,745 by Ward et al.

In another embodiment, the antibody is modified to
increase its biological half-life. Various approaches are pos-
sible. For example, one or more of the following mutations
can be introduced: T252L, T254S, T256F, as described in
U.S. Pat. No. 6,277,375 to Ward. Alternatively, to increase the
biological half life, the antibody can be altered within the
CHI or CL region to contain a salvage receptor binding
epitope taken from two loops of a CH2 domain of an Fc region
of an IgG, as described in U.S. Pat. Nos. 5,869,046 and
6,121,022 by Presta et al.

In yet other embodiments, the Fc region is altered by
replacing at least one amino acid residue with a different
amino acid residue to alter the effector functions of the anti-
body. For example, one or more amino acids can be replaced
with a different amino acid residue such that the antibody has
an altered affinity for an effector ligand but retains the anti-
gen-binding ability of the parent antibody. The effector ligand
to which affinity is altered can be, for example, an Fc receptor
(FcR) or the C1 component of complement. This approach is
described in further detail in U.S. Pat. Nos. 5,624,821 and
5,648,260, both by Winter et al.

In another embodiment, one or more amino acids selected
from amino acid residues can be replaced with a different
amino acid residue such that the antibody has altered Clq
binding and/or reduced or abolished complement dependent
cytotoxicity (CDC). This approach is described in further
detail in U.S. Pat. No. 6,194,551 by Idusogie et al.

Antibodies containing such mutations mediate reduced or
no antibody-dependent cellular cytotoxicity (ADCC) or
complement-dependent cytotoxicity (CDC). In some
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embodiments, amino acid residues [.234 and [L.235 of the
IgG1 constant region are substituted to Ala234 and Ala235.

In another embodiment, one or more amino acid residues
are altered to thereby alter the ability of the antibody to fix
complement. This approach is described further in PCT Pub-
lication WO 94/29351 by Bodmer et al.

In yet another embodiment, the Fc region is modified to
increase the ability of the antibody to mediate antibody
dependent cellular cytotoxicity (ADCC) and/or to increase
the affinity of the antibody for an Fcy receptor by modifying
one or more amino acids. This approach is described further
in PCT Publication WO 00/42072 by Presta. Moreover, the
binding sites on human IgG1 for FcyR1, FeyRII, FeyRIII and
FcRn have been mapped and variants with improved binding
have been described (see Shields, R. L. et al., 2001 J. Biol.
Chen. 276:6591-6604).

In still another embodiment, the glycosylation of an anti-
body is modified. For example, an aglycoslated antibody can
be made (i.e., the antibody lacks glycosylation). Glycosyla-
tion can be altered to, for example, increase the affinity of the
antibody for “antigen’. Such carbohydrate modifications can
be accomplished by, for example, altering one or more sites of
glycosylation within the antibody sequence. For example,
one or more amino acid substitutions can be made that result
in elimination of one or more variable region framework
glycosylation sites to thereby eliminate glycosylation at that
site. Such aglycosylation may increase the affinity of the
antibody for antigen. Such an approach is described in further
detail in U.S. Pat. Nos. 5,714,350 and 6,350,861 by Co et al.

Additionally or alternatively, an antibody can be made that
has an altered type of glycosylation, such as a hypofucosy-
lated antibody having reduced amounts of fucosyl residues or
an antibody having increased bisecting GlcNac structures.
Such altered glycosylation patterns have been demonstrated
to increase the ADCC ability of antibodies. Such carbohy-
drate modifications can be accomplished by, for example,
expressing the antibody in a host cell with altered glycosyla-
tion machinery. Cells with altered glycosylation machinery
have been described in the art and can be used as host cells in
which to express recombinant antibodies of the invention to
thereby produce an antibody with altered glycosylation. For
example, EP 1,176,195 by Hang et al. describes a cell line
with a functionally disrupted FUT8 gene, which encodes a
fucosyl transferase, such that antibodies expressed in such a
cell line exhibit hypofucosylation. PCT Publication WO
03/035835 by Presta describes a variant CHO cell line, Lecl3
cells, with reduced ability to attach fucose to Asn(297)-linked
carbohydrates, also resulting in hypofucosylation of antibod-
ies expressed in that host cell (see also Shields, R. L. et al.,
2002 J. Biol. Chem. 277:26733-26740). PCT Publication
WO 99/54342 by Umana et al. describes cell lines engineered
to express glycoprotein-modifying glycosyl transferases
(e.g., beta(1,4)-N acetylglucosaminyltransterase III (Gn-
TIII)) such that antibodies expressed in the engineered cell
lines exhibit increased bisecting GlcNac structures which
results in increased ADCC activity of the antibodies (see also
Umana et al., 1999 Nat. Biotech. 17:176-180).

Grafting Antigen-Binding Domains into Alternative Frame-
works or Scaffolds

A wide variety of antibody/immunoglobulin frameworks
or scaftolds can be employed so long as the resulting polypep-
tide includes at least one binding region which specifically
binds to TMEM16A. Such frameworks or scaffolds include
the 5 main idiotypes of human immunoglobulins, or frag-
ments thereof, and include immunoglobulins of other animal
species, preferably having humanized aspects. Single heavy-
chain antibodies such as those identified in camelids are of
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particular interest in this regard. Novel frameworks, scaffolds
and fragments continue to be discovered and developed by
those skilled in the art.

In one aspect, the invention pertains to generating non-
immunoglobulin based antibodies using non-immunoglobu-
lin scaffolds onto which CDRs of the invention can be grafted.
Known or future non-immunoglobulin frameworks and scaf-
folds may be employed, as long as they comprise a binding
region specific for the target TMEM16A protein (e.g., human
TMEMI16A). Known non-immunoglobulin frameworks or
scaffolds include, but are not limited to, fibronectin (Com-
pound Therapeutics, Inc., Waltham, Mass.), ankyrin (Mo-
lecular Partners AG, Zurich, Switzerland), domain antibodies
(Domantis, Ltd., Cambridge, Mass., and Ablynx nv,
Zwijnaarde, Belgium), lipocalin (Pieris Proteolab AG, Freis-
ing, Germany), small modular immuno-pharmaceuticals
(Trubion Pharmaceuticals Inc., Seattle, Wash.), maxybodies
(Avidia, Inc., Mountain View, Calif), Protein A (Affibody
AG, Sweden), and affilin (gamma-crystallin or ubiquitin)
(Scil Proteins GmbH, Halle, Germany).

The fibronectin scaffolds are based on fibronectin type II1
domain (e.g., the tenth module of the fibronectin type I1I (10
Fn3 domain)). The fibronectin type III domain has 7 or 8 beta
strands which are distributed between two beta sheets, which
themselves pack against each other to form the core of the
protein, and further containing loops (analogous to CDRs)
which connect the beta strands to each other and are solvent
exposed. There are at least three such loops at each edge of the
beta sheet sandwich, where the edge is the boundary of the
protein perpendicular to the direction of the beta strands (see
U.S. Pat. No. 6,818,418). These fibronectin-based scaffolds
are not an immunoglobulin, although the overall fold is
closely related to that of the smallest functional antibody
fragment, the variable region of the heavy chain, which com-
prises the entire antigen recognition unit in camel and 1lama
IgG. Because of this structure, the non-immunoglobulin anti-
body mimics antigen binding properties that are similar in
nature and affinity to those of antibodies. These scaffolds can
be used in a loop randomization and shuftling strategy in vitro
that is similar to the process of affinity maturation of antibod-
ies in vivo. These fibronectin-based molecules can be used as
scaffolds where the loop regions of the molecule can be
replaced with CDRs of the invention using standard cloning
techniques.

The ankyrin technology is based on using proteins with
ankyrin derived repeat modules as scaffolds for bearing vari-
able regions which can be used for binding to different tar-
gets. The ankyrin repeat module is a 33 amino acid polypep-
tide consisting of two anti-parallel a-helices and a -turn.
Binding of the variable regions is mostly optimized by using
ribosome display.

Avimers are derived from natural A-domain containing
protein such as LRP-1. These domains are used by nature for
protein-protein interactions and in human over 250 proteins
are structurally based on A-domains. Avimers consist of a
number of different “A-domain” monomers (2-10) linked via
amino acid linkers. Avimers can be created that can bind to the
target antigen using the methodology described in, for

example, U.S. Patent Application Publication Nos.
20040175756;  20050053973;  20050048512;  and
20060008844.

Affibody affinity ligands are small, simple proteins com-
posed of a three-helix bundle based on the scaffold of one of
the IgG-binding domains of Protein A. Protein A is a surface
protein from the bacterium Staphylococcus aureus. This scaf-
fold domain consists of 58 amino acids, 13 of which are
randomized to generate affibody libraries with a large number
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of ligand variants (See e.g., U.S. Pat. No. 5,831,012). Affi-
body molecules mimic antibodies, they have a molecular
weight of 6 kDa, compared to the molecular weight of anti-
bodies, whichis 150 kDa. In spite of its small size, the binding
site of affibody molecules is similar to that of an antibody.

Anticalins are products developed by the company Pieris
ProteoLab AG. They are derived from lipocalins, a wide-
spread group of small and robust proteins that are usually
involved in the physiological transport or storage of chemi-
cally sensitive or insoluble compounds. Several natural
lipocalins occur in human tissues or body liquids. The protein
architecture is reminiscent of immunoglobulins, with hyper-
variable loops on top of a rigid framework. However, in
contrast with antibodies or their recombinant fragments,
lipocalins are composed of a single polypeptide chain with
160 to 180 amino acid residues, being just marginally bigger
than a single immunoglobulin domain. The set of four loops,
which makes up the binding pocket, shows pronounced struc-
tural plasticity and tolerates a variety of side chains. The
binding site can thus be reshaped in a proprietary process in
order to recognize prescribed target molecules of different
shape with high affinity and specificity. One protein of lipoca-
lin family, the bilin-binding protein (BBP) of Pieris Brassi-
cae has been used to develop anticalins by mutagenizing the
set of four loops. One example of a patent application describ-
ing anticalins is in PCT Publication No. WO 199916873.

Affilin molecules are small non-immunoglobulin proteins
which are designed for specific affinities towards proteins and
small molecules. New affilin molecules can be very quickly
selected from two libraries, each of which is based on a
different human derived scaffold protein. Affilin molecules
do not show any structural homology to immunoglobulin
proteins. Currently, two affilin scaffolds are employed, one of
which is gamma crystalline, a human structural eye lens pro-
tein and the other is “ubiquitin” superfamily proteins. Both
human scaffolds are very small, show high temperature sta-
bility and are almost resistant to pH changes and denaturing
agents. This high stability is mainly due to the expanded beta
sheet structure of the proteins. Examples of gamma crystal-
line derived proteins are described in W0200104144 and
examples of “ubiquitin-like” proteins are described in
W02004106368.

Protein epitope mimetics (PEM) are medium-sized, cyclic,
peptide-like molecules (MW 1-2 kDa) mimicking beta-hair-
pin secondary structures of proteins, the major secondary
structure involved in protein-protein interactions.

Camelid Antibodies

Antibody proteins obtained from members of the camel
and dromedary (Camelus bactrianus and Calelus dromade-
rius) family including new world members such as llama
species (Lama paccos, Lama glama and Lama vicugna) have
been characterized with respect to size, structural complexity
and antigenicity for human subjects. Certain IgG antibodies
from this family of mammals as found in nature lack light
chains, and are thus structurally distinct from the typical four
chain quaternary structure having two heavy and two light
chains, for antibodies from other animals. See PCT/EP93/
02214 (WO 94/04678 published 3 Mar. 1994).

A region of the camelid antibody which is the small single
variable domain identified as VHH can be obtained by genetic
engineering to yield a small protein having high affinity for a
target, resulting in a low molecular weight antibody-derived
protein known as a “camelid nanobody”. See U.S. Pat. No.
5,759,808 issued Jun. 2, 1998; see also Stijlemans, B. et al.,
2004 J Biol Chem 279: 1256-1261; Dumoulin, M. et al., 2003
Nature 424: 783-788; Pleschberger, M. et al. 2003 Bioconju-
gate Chem 14: 440-448; Cortez-Retamozo, V. et al. 2002 Int
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J Cancer 89: 456-62; and Lauwereys, M. et al. 1998 EMBO J
17: 3512-3520. Engineered libraries of camelid antibodies
and antibody fragments are commercially available, for
example, from Ablynx, Ghent, Belgium. As with other anti-
bodies of non-human origin, an amino acid sequence of a
camelid antibody can be altered recombinantly to obtain a
sequence that more closely resembles a human sequence, i.e.,
the nanobody can be “humanized”. Thus the natural low
antigenicity of camelid antibodies to humans can be further
reduced.

The camelid nanobody has a molecular weight approxi-
mately one-tenth that of a human IgG molecule, and the
protein has a physical diameter of only a few nanometers. One
consequence of the small size is the ability of camelid nano-
bodies to bind to antigenic sites that are functionally invisible
to larger antibody proteins, i.e., camelid nanobodies are use-
ful as reagents detect antigens that are otherwise cryptic using
classical immunological techniques, and as possible thera-
peutic agents. Thus yet another consequence of small size is
that a camelid nanobody can inhibit as a result of binding to a
specific site in a groove or narrow cleft of a target protein, and
hence can serve in a capacity that more closely resembles the
function of a classical low molecular weight drug than that of
a classical antibody.

The low molecular weight and compact size further result
in camelid nanobodies being extremely thermostable, stable
to extreme pH and to proteolytic digestion, and poorly anti-
genic. Another consequence is that camelid nanobodies
readily move from the circulatory system into tissues, and
even cross the blood-brain barrier and can treat disorders that
affect nervous tissue. Nanobodies can further facilitated drug
transport across the blood brain barrier. See U.S. patent appli-
cation 20040161738 published Aug. 19, 2004. These features
combined with the low antigenicity to humans indicate great
therapeutic potential. Further, these molecules can be fully
expressed in prokaryotic cells such as E. coli and are
expressed as fusion proteins with bacteriophage and are func-
tional.

Accordingly, a feature of the present invention is a camelid
antibody or nanobody having high affinity for TMEM16A. In
certain embodiments herein, the camelid antibody or nano-
body is naturally produced in the camelid animal, i.e., is
produced by the camelid following immunization with
TMEMI16A or a peptide fragment thereof, using techniques
described herein for other antibodies. Alternatively, the
TMEMI16A-binding camelid nanobody is engineered, i.e.,
produced by selection for example from a library of phage
displaying appropriately mutagenized camelid nanobody
proteins using panning procedures with TMEM16A as a tar-
get as described in the examples herein. Engineered nanobod-
ies can further be customized by genetic engineering to have
a half life in a recipient subject of from 45 minutes to two
weeks. In a specific embodiment, the camelid antibody or
nanobody is obtained by grafting the CDRs sequences of the
heavy or light chain of the human antibodies of the invention
into nanobody or single domain antibody framework
sequences, as described for example in PCT/EP93/02214.
Bispecific Molecules and Multivalent Antibodies

In another aspect, the present invention features bispecific
or multispecific molecules comprising an TMEM16A-bind-
ing antibody, or a fragment thereof, of the invention. An
antibody of the invention, or antigen-binding regions thereof,
can be derivatized or linked to another functional molecule,
e.g., another peptide or protein (e.g., another antibody or
ligand for a receptor) to generate a bispecific molecule that
binds to at least two different binding sites or target mol-
ecules. The antibody of the invention may in fact be deriva-
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tized or linked to more than one other functional molecule to
generate multi-specific molecules that bind to more than two
different binding sites and/or target molecules; such multi-
specific molecules are also intended to be encompassed by
the term “bispecific molecule” as used herein. To create a
bispecific molecule of the invention, an antibody of the inven-
tion can be functionally linked (e.g., by chemical coupling,
genetic fusion, noncovalent association or otherwise) to one
or more other binding molecules, such as another antibody,
antibody fragment, peptide or binding mimetic, such that a
bispecific molecule results.

Accordingly, the present invention includes bispecific mol-
ecules comprising at least one first binding specificity for
TMEMI16A and a second binding specificity for a second
target epitope. For example, the second target epitope is
another epitope of TMEMI16A different from the first target
epitope.

Additionally, for the invention in which the bispecific mol-
ecule is multi-specific, the molecule can further include a
third binding specificity, in addition to the first and second
target epitope.

In one embodiment, the bispecific molecules of the inven-
tion comprise as a binding specificity at least one antibody, or
an antibody fragment thereof, including, e.g., an Fab, Fab',
F(ab")2, Fv, or a single chain Fv. The antibody may also be a
light chain or heavy chain dimer, or any minimal fragment
thereof such as a Fv or a single chain construct as described in
Ladner et al. U.S. Pat. No. 4,946,778.

Diabodies are bivalent, bispecific molecules in which V,
and V; domains are expressed on a single polypeptide chain,
connected by a linker that is too short to allow for pairing
between the two domains on the same chain. The V,and V,
domains pair with complementary domains of another chain,
thereby creating two antigen binding sites (see e.g., Holliger
etal., 1993 Proc. Natl. Acad. Sci. USA 90:6444-6448; Poljak
et al., 1994 Structure 2:1121-1123). Diabodies can be pro-
duced by expressing two polypeptide chains with either the
structure VHA-VLB and VHB-VLA (V -V, configuration),
or VLA-VHB and VLB-VHA (V -V configuration) within
the same cell. Most of them can be expressed in soluble form
in bacteria. Single chain diabodies (scDb) are produced by
connecting the two diabody-forming polypeptide chains with
linker of approximately 15 amino acid residues (see Holliger
and Winter, 1997 Cancer Immunol. Immunother., 45(3-4):
128-30; Wu et al., 1996 Immunotechnology, 2(1):21-36).
scDb can be expressed in bacteria in soluble, active mono-
meric form (see Holliger and Winter, 1997 Cancer Immunol.
Immunother., 45(34): 128-30; Wu et al., 1996 Immunotech-
nology, 2(1):21-36; Pluckthun and Pack, 1997 Immunotech-
nology, 3(2): 83-105; Ridgway et al., 1996 Protein Eng.,
9(7):617-21). A diabody can be fused to Fc to generate a
“di-diabody” (see Lu et al., 2004 J. Biol. Chem., 279(4):
2856-65).

Other antibodies which can be employed in the bispecific
molecules of the invention are murine, chimeric and human-
ized monoclonal antibodies.

The bispecific molecules of the present invention can be
prepared by linking the constituent binding specificities,
using methods known in the art. For example, each binding
specificity of the bispecific molecule can be generated sepa-
rately and then linked to one another. When the binding
specificities are proteins or peptides, a variety of coupling or
cross-linking agents can be used for covalent conjugation.
Examples of cross-linking agents include protein A, carbodi-
imide, N-succinimidyl-S-acetyl-thioacetate (SATA), 5,5'-
dithiobis(2-nitrobenzoic acid) (DTNB), o-phenylenedimale-
imide (oPDM), N-succinimidyl-3-(2-pyridyldithio)
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propionate  (SPDP), and sulfosuccinimidyl  4-(N-
maleimidomethyl)cyclohaxane-1-carboxylate (sulfo-

SMCC) (see e.g., Karpovsky et al., 1984 J. Exp. Med. 160:
1686; Liu, M A et al., 1985 Proc. Natl. Acad. Sci. USA
82:8648). Other methods include those described in Paulus,
1985 Behring Ins. Mitt. No. 78, 118-132; Brennan et al., 1985
Science 229:81-83), and Glennie et al., 1987 J. Immunol.
139: 2367-2375). Conjugating agents are SATA and sulfo-
SMCC, both available from Pierce Chemical Co. (Rockford,
).

When the binding specificities are antibodies, they can be
linked by sulthydryl bonding of the C-terminus hinge regions
of the two heavy chains. In a particularly embodiment, the
hinge region is modified to contain an odd number of sulthy-
dryl residues, for example one, prior to conjugation.

Alternatively, both binding specificities can be encoded in
the same vector and expressed and assembled in the same host
cell. This method is particularly useful where the bispecific
molecule is amAbxmAb, mAbxFab, FabxF(ab")2 or ligand x
Fab fusion protein. A bispecific molecule of the invention can
be a single chain molecule comprising one single chain anti-
body and a binding determinant, or a single chain bispecific
molecule comprising two binding determinants. Bispecific
molecules may comprise at least two single chain molecules.
Methods for preparing bispecific molecules are described for
example in U.S. Pat. Nos. 5,260,203; 5,455,030, 4,881,175;
5,132,405, 5,091,513, 5,476,786, 5,013,653; 5,258,498, No
and 5,482,858.

Binding of the bispecific molecules to their specific targets
can be confirmed by, for example, enzyme-linked immun-
osorbent assay (ELISA), radioimmunoassay (REA), FACS
analysis, bioassay (e.g., growth inhibition), or Western Blot
assay. Each of these assays generally detects the presence of
protein-antibody complexes of particular interest by employ-
ing a labeled reagent (e.g., an antibody) specific for the com-
plex of interest.

In another aspect, the present invention provides multiva-
lent molecules comprising at least two identical or different
antigen binding portions of the antibodies of the invention,
where such molecules may be dimers, trimers, tetramers, or
higher order multimers and may be homomeric or hetero-
meric, that is, they may comprise multiple polypeptide chains
that are the same or different. The antigen-binding portions
can be linked together via protein fusion or covalent or non
covalent linkage. Alternatively, methods of linkage have been
described for the bispecfic molecules. Tetravalent molecules
can be obtained for example by cross-linking antibodies of
the antibodies of the invention with an antibody that binds to
the constant regions of the antibodies of the invention, for
example the Fc or hinge region. Trimerizing domain are
described for example in Borean patent EP 1 012 280B1.
Pentamerizing modules are described for example in PCT/
EP97/05897.

In one embodiment, multispecific binding domain proteins
are produced by linking an scFv to an IgG antibody. The V,
and V,; domains used to make an scFv may be derived from
the same or from different antibodies. The scFv comprises at
least one, two, three, four, five, or six CDRs. The multispe-
cific epitope binding proteins of the invention comprise one,
two, three, four, or more polypeptide chains. The epitope
binding domains may also be scFvs, single chain diabodies,
variable regions of antibodies (e.g., heavy chain and/or light
chain variable regions), IgG antibodies, or peptidomimetics.
Antibodies with Extended Half Life

The present invention provides for antibodies that specifi-
cally bind to TMEMI16A protein which have an extended
half-life in vivo.
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Many factors may affect a protein’s half life in vivo. For
examples, kidney filtration, metabolism in the liver, degrada-
tion by proteolytic enzymes (proteases), and immunogenic
responses (e.g., protein neutralization by antibodies and
uptake by macrophages and dentritic cells). A variety of strat-
egies can be used to extend the halflife of the antibodies of the
present invention. For example, by chemical linkage to poly-
ethyleneglycol (PEG), reCODE PEG, antibody scaffold,
polysialic acid (PSA), hydroxyethyl starch (HES), albumin-
binding ligands, and carbohydrate shields; by genetic fusion
to proteins binding to serum proteins, such as albumin, IgG,
FcRn, and transferring; by coupling (genetically or chemi-
cally) to other binding moieties that bind to serum proteins,
such as nanoboies, Fabs, DARPins, avimers, affibodies, and
anticalins; by genetic fusion to rPEG, albumin, domain of
albumin, albumin-binding proteins, and Fc; or by incorpora-
tion into nancarriers, slow release formulations, or medical
devices.

To prolong the serum circulation of antibodies in vivo, inert
polymer molecules such as high molecular weight PEG can
be attached to the antibodies or a fragment thereof with or
without a multifunctional linker either through site-specific
conjugation of the PEG to the N- or C-terminus of the anti-
bodies or via epsilon-amino groups present on lysine resi-
dues. To pegylate an antibody, the antibody, or fragment
thereof, typically is reacted with polyethylene glycol (PEG),
such as a reactive ester or aldehyde derivative of PEG, under
conditions in which one or more PEG groups become
attached to the antibody or antibody fragment. The pegylation
can be carried out by an acylation reaction or an alkylation
reaction with a reactive PEG molecule (or an analogous reac-
tive water-soluble polymer). As used herein, the term “poly-
ethylene glycol” is intended to encompass any of the forms of
PEG that have been used to derivatize other proteins, such as
mono (C1-C10) alkoxy- or aryloxy-polyethylene glycol or
polyethylene glycol-maleimide. In certain embodiments, the
antibody to be pegylated is an aglycosylated antibody. Linear
or branched polymer derivatization that results in minimal
loss of biological activity will be used. The degree of conju-
gation can be closely monitored by SDS-PAGE and mass
spectrometry to ensure proper conjugation of PEG molecules
to the antibodies. Unreacted PEG can be separated from
antibody-PEG conjugates by size-exclusion or by ion-ex-
change chromatography. PEG-derivatized antibodies can be
tested for binding activity as well as for in vivo efficacy using
methods well-known to those of skill in the art, for example,
by immunoassays described herein. Methods for pegylating
proteins are known in the art and can be applied to the anti-
bodies of the invention. See for example, EP 0 154 316 by
Nishimura et al. and EP 0 401 384 by Ishikawa et al.

Other modified pegylation technologies include reconsti-
tuting chemically orthogonal directed engineering technol-
ogy (ReCODE PEG), which incorporates chemically speci-
fied side chains into biosynthetic proteins via a reconstituted
system that includes tRNA synthetase and tRNA. This tech-
nology enables incorporation of more than 30 new amino
acids into biosynthetic proteins in E. coli, yeast, and mam-
malian cells. The tRNA incorporates a normative amino acid
any place an amber codon is positioned, converting the amber
from a stop codon to one that signals incorporation of the
chemically specified amino acid.

Recombinant pegylation technology (rPEG) can also be
used for serum halflife extension. This technology involves
genetically fusing a 300-600 amino acid unstructured protein
tail to an existing pharmaceutical protein. Because the appar-
ent molecular weight of such an unstructured protein chain is
about 15-fold larger than its actual molecular weight, the
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serum halflife of the protein is greatly increased. In contrast to
traditional PEGylation, which requires chemical conjugation
and repurification, the manufacturing process is greatly sim-
plified and the product is homogeneous.

Polysialytion is another technology, which uses the natural
polymer polysialic acid (PSA) to prolong the active life and
improve the stability of therapeutic peptides and proteins.
PSA is a polymer of sialic acid (a sugar). When used for
protein and therapeutic peptide drug delivery, polysialic acid
provides a protective microenvironment on conjugation. This
increases the active life of the therapeutic protein in the cir-
culation and prevents it from being recognized by the immune
system. The PSA polymer is naturally found in the human
body. It was adopted by certain bacteria which evolved over
millions of years to coat their walls with it. These naturally
polysialylated bacteria were then able, by virtue of molecular
mimicry, to foil the body’s defence system. PSA, nature’s
ultimate stealth technology, can be easily produced from such
bacteria in large quantities and with predetermined physical
characteristics. Bacterial PSA is completely non-immuno-
genic, even when coupled to proteins, as it is chemically
identical to PSA in the human body.

Another technology include the use of hydroxyethyl starch
(“HES”) derivatives linked to antibodies. HES is a modified
natural polymer derived from waxy maize starch and can be
metabolized by the body’s enzymes. HES solutions are usu-
ally administered to substitute deficient blood volume and to
improve the rheological properties of the blood. Hesylation of
an antibody enables the prolongation of the circulation half-
life by increasing the stability of the molecule, as well as by
reducing renal clearance, resulting in an increased biological
activity. By varying different parameters, such as the molecu-
lar weight of HES, a wide range of HES antibody conjugates
can be customized.

Antibodies having an increased half-life in vivo can also be
generated introducing one or more amino acid modifications
(i.e., substitutions, insertions or deletions) into an IgG con-
stant domain, or FcRn binding fragment thereof (preferably a
Fc or hinge Fc domain fragment). See, e.g., International
Publication No. WO 98/23289; International Publication No.
WO 97/34631; and U.S. Pat. No. 6,277,375.

Further, antibodies can be conjugated to albumin in order
to make the antibody or antibody fragment more stable in vivo
or have a longer half life in vivo. The techniques are well-
known in the art, see, e.g., International Publication Nos. WO
93/15199, WO 93/15200, and WO 01/77137; and European
Patent No. EP 413,622.

The strategies for increasing halflife is especially useful in
nanobodies, fibronectin-based binders, and other antibodies
or proteins for which increased in vivo half life is desired.

2. Antibody Conjugates

The present invention further encompasses uses of
TMEMI16A antibodies or fragments thereof linked to a thera-
peutic moiety. An antibody or fragment thereof may be linked
to a therapeutic moiety such as a cytotoxic agent or an anti-
cancer agent. The conjugate may consist of a liable or non-
liable linker made up of any composition of synthetic chem-
istry or peptide that is conducive to generation of a stable
antibody linker.

Further, an antibody or fragment thereof may be linked to
a therapeutic moiety or drug moiety that modifies a given
biological response. Therapeutic moieties or drug moieties
are not to be construed as limited to classical chemical thera-
peutic agents. For example, the drug moiety may be a protein,
peptide, or polypeptide possessing a desired biological activ-
ity. Such proteins may include, for example, a toxin such as
abrin, ricin A, pseudomonas exotoxin, cholera toxin, or diph-
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theria toxin; a protein such as tumor necrosis factor, c-inter-
feron, P-interferon, nerve growth factor, platelet derived
growth factor, tissue plasminogen activator, an apoptotic
agent, an anti-angiogenic agent; or, a biological response
modifier such as, for example, a lymphokine.

Moreover, an antibody can be linked to therapeutic moi-
eties such as a radioactive metal ion, such as alpha-emitters
such as 213Bi or macrocyclic chelators useful for conjugating
radiometal ions, including but not limited to, **'In, **'LU,
131y 131Ho, 131Sm, to polypeptides. In certain embodiments,
the macrocyclic chelator is 1,4,7,10-tetraazacyclododecane-
NLN',N" N"-tetraacetic acid (DOTA) which can be attached
to the antibody via a linker molecule. Such linker molecules
are commonly known in the art and described in Denardo et
al., 1998, Clin Cancer Res. 4(10):2483-90; Peterson et al.,
1999, Bioconjug. Chem. 10(4):553-7; and Zimmerman et al.,
1999, Nucl. Med. Biol. 26(8):943-50, each incorporated by
reference in their entireties.

Techniques for conjugating therapeutic moieties to anti-
bodies are well known, see, e.g., Amon et al., “Monoclonal
Antibodies For Immunotargeting Of Drugs In Cancer
Therapy”, in Monoclonal Antibodies And Cancer Therapy,
Reisfeld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985);
Hellstrom et al., “Antibodies For Drug Delivery”, in Con-
trolled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp.
623-53 (Marcel Dekker, Inc. 1987); Thorpe, “Antibody Car-
riers Of Cytotoxic Agents In Cancer Therapy: A Review”, in
Monoclonal Antibodies 84: Biological And Clinical Applica-
tions, Pinchera et al. (eds.), pp. 475-506 (1985); “Analysis,
Results, And Future Prospective Of The Therapeutic Use Of
Radiolabeled Antibody In Cancer Therapy”, in Monoclonal
Antibodies For Cancer Detection And Therapy, Baldwin et al.
(eds.), pp. 303-16 (Academic Press 1985), and Thorpe et al.,
1982, Immunol. Rev. 62:119-58.

The present invention also provides antibodies or frag-
ments thereof that specifically bind to a TMEMI16A protein
recombinantly fused or chemically conjugated (including
both covalent and non-covalent conjugations) to a heterolo-
gous protein or polypeptide (or fragment thereof, preferably
to a polypeptide of at least 10, at least 20, at least 30, at least
40, at least 50, at least 60, at least 70, at least 80, at least 90 or
at least 100 amino acids) to generate fusion proteins. In par-
ticular, the invention provides fusion proteins comprising an
antigen-binding fragment of an antibody described herein
(e.g., a Fab fragment, Fd fragment, Fv fragment, F(ab)2 frag-
ment, aVdomain, aV,CDR,aV; domainoraV, CDR)and
a heterologous protein, polypeptide, or peptide. Methods for
fusing or conjugating proteins, polypeptides, or peptides to an
antibody or an antibody fragment are known in the art. See,
e.g., U.S. Pat. Nos. 5,336,603, 5,622,929, 5,359,046, 5,349,
053, 5,447,851, and 5,112,946; European Patent Nos. EP
307,434 and EP 367,166; International Publication Nos. WO
96/04388 and WO 91/06570; Ashkenazi et al., 1991, Proc.
Natl. Acad. Sci. USA 88: 10535-10539; Zheng et al., 1995, J.
Immunol. 154:5590-5600; and Vil et al., 1992, Proc. Natl.
Acad. Sci. USA 89:11337-11341.

Additional fusion proteins may be generated through the
techniques of gene-shuffling, motif-shuffling, exon-shuf-
fling, and/or codon-shuffling (collectively referred to as
“DNA shuffling”). DNA shuffling may be employed to alter
the activities of antibodies of the invention or fragments
thereof (e.g., antibodies or fragments thereof with higher
affinities and lower dissociation rates). See, generally, U.S.
Pat. Nos. 5,605,793, 5,811,238, 5,830,721, 5,834,252, and
5,837,458, Patten et al., 1997, Curr. Opinion Biotechnol.
8:724-33; Harayama, 1998, Trends Biotechnol. 16(2):76-82;
Hansson, et al., 1999, J. Mol. Biol. 287:265-76; and Lorenzo
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and Blasco, 1998, Biotechniques 24(2):308-313 (each of
these patents and publications are hereby incorporated by
reference in its entirety). Antibodies or fragments thereof, or
the encoded antibodies or fragments thereof, may be altered
by being subjected to random mutagenesis by error-prone
PCR, random nucleotide insertion or other methods prior to
recombination. A polynucleotide encoding an antibody or
fragment thereof that specifically binds to a TMEM16A pro-
tein may be recombined with one or more components,
motifs, sections, parts, domains, fragments, etc. of one or
more heterologous molecules.

Moreover, the antibodies or fragments thereof can be fused
to marker sequences, such as a peptide to facilitate purifica-
tion. In preferred embodiments, the marker amino acid
sequence is a hexa-histidine peptide, such as the tag provided
in a pQE vector (QIAGEN, Inc., 9259 Eton Avenue, Chat-
sworth, Calif., 91311), among others, many of which are
commercially available. As described in Gentz et al., 1989,
Proc. Natl. Acad. Sci. USA 86:821-824, for instance, hexa-
histidine provides for convenient purification of the fusion
protein. Other peptide tags useful for purification include, but
are not limited to, the hemagglutinin (“HA”) tag, which cor-
responds to an epitope derived from the influenza hemagglu-
tinin protein (Wilson et al., 1984, Cell 37:767), and the “flag”
tag.

In other embodiments, antibodies of the present invention
or fragments thereof linked to a diagnostic or detectable
agent. Such antibodies can be useful for monitoring or prog-
nosing the onset, development, progression and/or severity of
a disease or disorder as part of a clinical testing procedure,
such as determining the efficacy of a particular therapy. Such
diagnosis and detection can accomplished by coupling the
antibody to detectable substances including, but not limited
to, various enzymes, such as, but not limited to, horseradish
peroxidase, alkaline phosphatase, beta-galactosidase, or ace-
tylcholinesterase; prosthetic groups, such as, but not limited
to, streptavidin/biotin and avidin/biotin; fluorescent materi-
als, such as, but not limited to, umbelliferone, fluorescein,
fluorescein isothiocynate, rhodamine, dichlorotriaziny-
lamine fluorescein, dansyl chloride or phycoerythrin; lumi-
nescent materials, such as, but not limited to, luminol; biolu-
minescent materials, such as but not limited to, luciferase,
luciferin, and aequorin; radioactive materials, such as, but not
limited to, iodine (1311, 1251, 2311, and 1211,), carbon (14C),
sulfur (358), trittum (3H), indium (115In, 1131In, 112In, and
1111In,), technetium (99Tc), thallium (201T1), gallium (68Ga,
67Ga), palladium (103Pd), molybdenum (99Mo), xenon
(133Xe), fluorine (18F), 153Sm, 177Lu, 159Gd, 149Pm,
140La, 175Yb, 166Ho, 90Y, 47Sc, 186Re, 188Re, 142 Pr,
105Rh, 97Ru, 68Ge, 57Co, 65Zn, 858r, 32P, 153Gd, 169YD,
51Cr, 54Mn, 75Se, 113Sn, and 117Tin; and positron emitting
metals using various positron emission tomographies, and
noradioactive paramagnetic metal ions.

Antibodies may also be attached to solid supports, which
are particularly useful for immunoassays or purification of
the target antigen. Such solid supports include, but are not
limited to, glass, cellulose, polyacrylamide, nylon, polysty-
rene, polyvinyl chloride or polypropylene.

3. Methods of Producing Antibodies of the Invention

Once an archetypal anti-human TMEM16A antibody, for
example, SE2D1 and 12E11, has been isolated that has the
desired properties (e.g., internalizing upon binding)
described herein, it is straightforward to generate other anti-
bodies with similar properties, using art-known methods (see,
e.g., Kohler & Milstein, Nature 256:495-497 (1975); Kozbor
et al., Immunology Today 4:72 (1983); Cole et al., Mono-
clonal Antibodies and Cancer Therapy, pp. 77-96. Alan R.
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Liss, Inc. 1985). Techniques for the production of single
chain antibodies (U.S. Pat. No. 4,946,778) can be adapted to
produce antibodies to polypeptides of this invention. Also,
transgenic mice, or other organisms such as other mammals,
may be used to express humanized antibodies. Alternatively,
phage display technology can be used to identify antibodies
and heteromeric Fab fragments that specifically bind to
selected antigens (see, e.g., McCafferty et al., supra; Marks et
al., Biotechnology, 10:779-783, (1992)).

Nucleic Acid Molecules Encoding Antibodies of the Inven-
tion

Another aspect of the invention pertains to nucleic acid
molecules that encode the TMEM16A binding molecules of
the invention. The nucleic acids may be present in whole
cells, in a cell lysate, or may be nucleic acids in a partially
purified or substantially pure form. A nucleic acid is “iso-
lated” or “rendered substantially pure” when purified away
from other cellular components or other contaminants, e.g.,
other cellular nucleic acids or proteins, by standard tech-
niques, including alkaline/SDS treatment, CsCl banding, col-
umn chromatography, agarose gel electrophoresis and others
well known in the art. See, F. Ausubel, et al., ed. 1987 Current
Protocols in Molecular Biology, Greene Publishing and
Wiley Interscience, New York. A nucleic acid of the invention
can be, for example, DNA or RNA and may or may not
contain intronic sequences. In an embodiment, the nucleic
acid is a cDNA molecule. The nucleic acid may be present in
a vector such as a phage display vector, or in a recombinant
plasmid vector.

Nucleic acids of the invention can be obtained using stan-
dard molecular biology techniques. For antibodies expressed
by hybridomas (e.g., hybridomas prepared from transgenic
mice carrying human immunoglobulin genes as described
further below), cDNAs encoding the light and heavy chains of
the antibody made by the hybridoma can be obtained by
standard PCR amplification or cDNA cloning techniques. For
antibodies obtained from an immunoglobulin gene library
(e.g., using phage display techniques), nucleic acid encoding
the antibody can be recovered from various phage clones that
are members of the library.

Once DNA fragments encoding V; and V; segments are
obtained, these DNA fragments can be further manipulated
by standard recombinant DNA techniques, for example to
convert the variable region genes to full-length antibody
chain genes, to Fab fragment genes or to an scFv gene. In
these manipulations, a V- or V -encoding DNA fragment is
operatively linked to another DNA molecule, or to a fragment
encoding another protein, such as an antibody constant region
or a flexible linker. The term “operatively linked”, as used in
this context, is intended to mean that the two DNA fragments
are joined in a functional manner, for example, such that the
amino acid sequences encoded by the two DNA fragments
remain in-frame, or such that the protein is expressed under
control of a desired promoter.

Theisolated DNA encoding the V, region can be converted
to a full-length heavy chain gene by operatively linking the
Vencoding DNA to another DNA molecule encoding
heavy chain constant regions (CH1, CH2 and CH3). The
sequences of human heavy chain constant region genes are
known in the art (see e.g., Kabat et al., 1991 Sequences of
Proteins of Immunological Interest, Fifth Edition, U.S.
Department of Health and Human Services, NIH Publication
No. 91-3242) and DNA fragments encompassing these
regions can be obtained by standard PCR amplification. The
heavy chain constant region can be an 1gG1, 1gG2, 1gG3,
1gG4, IgA, IgE, 1gM or IgD constant region. For a Fab frag-
ment heavy chain gene, the V -encoding DNA can be opera-
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tively linked to another DNA molecule encoding only the
heavy chain CH1 constant region.

The isolated DNA encoding the V; region can be converted
to a full-length light chain gene (as well as to a Fab light chain
gene) by operatively linking the V, -encoding DNA to another
DNA molecule encoding the light chain constant region, CL.
The sequences of human light chain constant region genes are
known in the art (see e.g., Kabat et al., 1991 Sequences of
Proteins of Immunological Interest, Fifth Edition, U.S.
Department of Health and Human Services, NIH Publication
No. 91-3242) and DNA fragments encompassing these
regions can be obtained by standard PCR amplification. The
light chain constant region can be a kappa or a lambda con-
stant region.

To create an scFv gene, the V- and V;-encoding DNA
fragments are operatively linked to another fragment encod-
ing a flexible linker, e.g., encoding the amino acid sequence
(Gly4-Ser),, such that the V, and V; sequences can be
expressed as a contiguous single-chain protein, with the V,
and V, regions joined by the flexible linker (see e.g., Bird et
al., 1988 Science 242:423-426; Huston et al., 1988 Proc. Natl.
Acad. Sci. USA 85:5879-5883; McCafferty et al., 1990
Nature 348:552-554).

Monoclonal Antibody Generation

Monoclonal antibodies (mAbs) can be produced by a vari-
ety of techniques, including conventional monoclonal anti-
body methodology e.g., the standard somatic cell hybridiza-
tion technique of Kohler and Milstein (1975 Nature, 256:
495), or using library display methods, such as phage display.

An animal system for preparing hybridomas is the murine
system. Hybridoma production in the mouse is a well estab-
lished procedure. Immunization protocols and techniques for
isolation of immunized splenocytes for fusion are known in
the art. Fusion partners (e.g., murine myeloma cells) and
fusion procedures are also known.

Chimeric or humanized antibodies of the present invention
can be prepared based on the sequence of a murine mono-
clonal antibody prepared as described above. DNA encoding
the heavy and light chain immunoglobulins can be obtained
from the murine hybridoma of interest and engineered to
contain non-murine (e.g., human) immunoglobulin
sequences using standard molecular biology techniques. For
example, to create a chimeric antibody, the murine variable
regions can be linked to human constant regions using meth-
ods known in the art (see e.g., U.S. Pat. No. 4,816,567 to
Cabilly et al.). To create a humanized antibody, the murine
CDR regions can be inserted into a human framework using
methods known in the art. See e.g., U.S. Pat. No. 5,225,539,
and U.S. Pat. Nos. 5,530,101; 5,585,089; 5,693,762 and
6,180,370.

In a certain embodiment, the antibodies of the invention are
human monoclonal antibodies. Such human monoclonal anti-
bodies directed against TMEMI16A can be generated using
transgenic or transchromosomic mice carrying parts of the
human immune system rather than the mouse system. These
transgenic and transchromosomic mice include mice referred
to herein as HUMAb mice and KM mice, respectively, and are
collectively referred to herein as “human Ig mice.”

The HuMADb Mouse® (Medarex, Inc.) contains human
immunoglobulin gene miniloci that encode un-rearranged
human heavy (u and y) and « light chain immunoglobulin
sequences, together with targeted mutations that inactivate
the endogenous 1 and x chain loci (see, e.g., Lonberg et al.,
1994 Nature 368(6474): 856-859). Accordingly, the mice
exhibit reduced expression of mouse IgM or k, and in
response to immunization, the introduced human heavy and
light chain transgenes undergo class switching and somatic

35

40

45

50

38

mutation to generate high affinity human IgGk monoclonal
(Lonberg, N. et al., 1994 supra; reviewed in Lonberg, N.,
1994 Handbook of Experimental Pharmacology 113:49-101;
Lonberg, N. and Huszar, D., 1995 Intern. Rev. Immunol. 13:
65-93, and Harding, F. and Lonberg, N., 1995 Ann. N.Y.
Acad. Sci. 764:536-546). The preparation and use of HUMADb
mice, and the genomic modifications carried by such mice, is
further described in Taylor, L. et al., 1992 Nucleic Acids
Research 20:6287-6295; Chen, J. et at., 1993 International
Immunology 5: 647-656; Tuaillon et al.,, 1993 Proc. Natl.
Acad. Sci. USA 94:3720-3724; Choi et al., 1993 Nature
Genetics 4:117-123; Chen, I. et al., 1993 EMBO J. 12: 821-
830; Tuaillonetal., 1994 J. Immunol. 152:2912-2920; Taylor,
L. etal., 1994 International Immunology 579-591; and Fish-
wild, D. et al., 1996 Nature Biotechnology 14: 845-851, the
contents of all of which are hereby specifically incorporated
by reference in their entirety. See further, U.S. Pat. Nos.
5,545,806; 5,569,825; 5,625,126, 5,633,425; 5,789,650,
5,877,397, 5,661,016; 5,814,318; 5,874,299, and 5,770,429;
all to Lonberg and Kay; U.S. Pat. No. 5,545,807 to Surani et
al.; PCT Pub. Nos. WO 92103918, WO 93/12227, WO
94/25585, WO 97113852, WO 98/24884 and WO 99/45962,
all to Lonberg and Kay; and PCT Pub. No. WO 01/14424 to
Korman et al.

In another embodiment, human antibodies of the invention
can be raised using a mouse that carries human immunoglo-
bulin sequences on transgenes and transchomosomes, such as
a mouse that carries a human heavy chain transgene and a
human light chain transchromosome. Such mice, referred to
herein as “KM mice”, are described in detail in WO
02/43478.

Still further, alternative transgenic animal systems express-
ing human immunoglobulin genes are available in the art and
can be used to raise anti-TMEMI16A antibodies of the inven-
tion. For example, an alternative transgenic system referred to
as the Xenomouse® (Abgenix, Inc.) can be used. Such mice
are described in, e.g., U.S. Pat. Nos. 5,939,598; 6,075,181;
6,114,598; 6,150,584 and 6,162,963 to Kucherlapati et al.

Moreover, alternative transchromosomic animal systems
expressing human immunoglobulin genes are available in the
art and can be used to raise anti-TMEM16A antibodies of the
invention. For example, mice carrying both a human heavy
chain transchromosome and a human light chain transchro-
mosome, referred to as “TC mice” can be used; such mice are
described in Tomizuka et al., 2000 Proc. Natl. Acad. Sci. USA
97:722-727. Furthermore, cows carrying human heavy and
light chain transchromosomes have been described in the art
(Kuroiwa et al., 2002 Nature Biotechnology 20:889-894) and
can be used to raise anti-TMEMI16A antibodies of the inven-
tion.

Human monoclonal antibodies of the invention can also be
prepared using phage display methods for screening libraries
of human immunoglobulin genes. Such phage display meth-
ods for isolating human antibodies are established in the art.
See for example: U.S. Pat. Nos. 5,223,409; 5,403,484; and
5,571,698 to Ladner et al.; U.S. Pat. Nos. 5,427,908 and
5,580,717 to Dower et al.; U.S. Pat. Nos. 5,969,108 and
6,172,197 to McCafferty et al.; and U.S. Pat. Nos. 5,885,793;
6,521,404, 6,544,731, 6,555,313, 6,582,915 and 6,593,081 to
Griffiths et al. Libraries can be screened for binding to full
length TMEMI16A or to a particular epitope of TMEM16A
(e.g., KLIRYLKLKQ, or RYKDYREPPWS).

Human monoclonal antibodies of the invention can also be
prepared using SCID mice into which human immune cells
have been reconstituted such that a human antibody response
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can be generated upon immunization. Such mice are
described in, for example, U.S. Pat. Nos. 5,476,996 and
5,698,767 to Wilson et al.

Generation of Human Monoclonal Antibodies in Human Ig
Mice

Purified recombinant human TMEMI16A expressed in
prokaryotic cells (e.g., E. coli) or eukaryotic cells (e.g., mam-
malian cells, e.g., HEK293 cells) can be used as the antigen.
The protein can be linked to a carrier, such as keyhole limpet
hemocyanin (KLH).

Fully human monoclonal antibodies to TMEM16A are
prepared using HCo7, HCo12 and HCo17 strains of HuMab
transgenic mice and the KM strain of transgenic transchro-
mosomic mice, each of which express human antibody genes.
In each of these mouse strains, the endogenous mouse kappa
light chain gene can be homozygously disrupted as described
in Chen etal., 1993 EMBO J. 12:811-820 and the endogenous
mouse heavy chain gene can be homozygously disrupted as
described in Example 1 of WO 01109187. Each of these
mouse strains carries a human kappa light chain transgene,
KCo35, as described in Fishwild et al., 1996 Nature Biotech-
nology 14:845-851. The HCo7 strain carries the HCo7 human
heavy chain transgene as described in U.S. Pat. Nos. 5,545,
806; 5,625,825; and 5,545,807. The HCo12 strain carries the
HCo012 human heavy chain transgene as described in
Example 2 of WO 01/09187. The HCo17 stain carries the
HCo17 human heavy chain transgene. The KNM strain con-
tains the SC20 transchromosome as described in WO
02/43478.

To generate fully human monoclonal antibodies to
TMEMI16A, HuMab mice and KM mice are immunized with
purified recombinant TMEM16A, a TMEM16A fragment
(e.g., a peptide comprising or consisting of SEQ ID NO:3 or
SEQ ID NO:4), or a conjugate thereof (e.g., TMEMI16A-
KLH) as antigen. General immunization schemes for HuMab
mice are described in Lonberg, N. et al., 1994 Nature 368
(6474): 856-859; Fishwild, D. et al., 1996 Nature Biotech-
nology 14:845-851 and WO 98/24884. The mice are 6-16
weeks of age upon the first infusion of antigen. A purified
recombinant preparation (5-50 pg) of the antigen is used to
immunize the HuMab mice and KM mice in the peritoneal
cavity, subcutaneously (Sc) or by footpad injection.

Transgenic mice are immunized twice with antigen in com-
plete Freund’s adjuvant or Ribi adjuvant either in the perito-
neal cavity (IP), subcutaneously (Sc) or by footpad (FP),
followed by 3-21 days IP, Sc or FP immunization (up to a total
of 11 immunizations) with the antigen in incomplete Fre-
und’s or Ribi adjuvant. The immune response is monitored by
retroorbital bleeds. The plasma is screened by ELISA, and
mice with sufficient titers of anti-TMEM16A human immu-
nogolobulin are used for fusions. Mice are boosted intrave-
nously with antigen 3 and 2 days before sacrifice and removal
of the spleen. Typically, 10-35 fusions for each antigen are
performed. Several dozen mice are immunized for each anti-
gen. A total of 82 mice of the HCo7, HCo12, HCo17 and KM
mice strains are immunized with TMEM16A.

To select HuMab or KM mice producing antibodies that
bound TMEM16A, sera from immunized mice can be tested
by ELISA as described by Fishwild, D. et al., 1996. Briefly,
microtiter plates are coated with purified recombinant
TMEMI16A at 1-2 ug/ml in PBS, 50 ul/wells incubated 4° C.
overnight then blocked with 200 pl/well of 5% chicken serum
in PBS/Tween (0.05%). Dilutions of plasma from
TMEMI16A-immunized mice are added to each well and
incubated for 1-2 hours at ambient temperature. The plates
are washed with PBS/Tween and then incubated with a goat-
anti-human IgG Fc polyclonal antibody conjugated with
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horseradish peroxidase (HRP) for 1 hour at room tempera-
ture. After washing, the plates are developed with ABTS
substrate (Sigma, A-1888, 0.22 mg/ml) and analyzed by spec-
trophotometer at OD 415-495. Splenocytes of mice that
developed the highest titers of anti-TMEM16 A antibodies are
used for fusions. Fusions are performed and hybridoma
supernatants are tested for anti-TMEMIG6A activity by
ELISA.

The mouse splenocytes, isolated from the HuMab mice and
KM mice, are fused with PEG to a mouse myeloma cell line
based upon standard protocols. The resulting hybridomas are
then screened for the production of antigen-specific antibod-
ies. Single cell suspensions of splenic lymphocytes from
immunized mice are fused to one-fourth the number of SP2/0
nonsecreting mouse myeloma cells (ATCC, CRL 1581) with
50% PEG (Sigma). Cells are plated at approximately 1x10°/
well in flat bottom microtiter plates, followed by about two
weeks of incubation in selective medium containing 10%
fetal bovine serum, 10% P388D 1(ATCC, CRL TIB-63) con-
ditioned medium, 3-5% Origen® (IGEN) in DMEM (Medi-
atech, CRL 10013, with high glucose, L-glutamine and
sodium pyruvate) plus S mM HEPES, 0.055 mM 2-mercap-
toethanol, 50 pg/ml gentamycin and 1xHAT (Sigma, CRL
P-7185). After 1-2 weeks, cells are cultured in medium in
which the HAT is replaced with HT. Individual wells are then
screened by ELISA for human anti-TMEM16A monoclonal
IgG antibodies. Once extensive hybridoma growth occurred,
medium is monitored usually after 10-14 days. The antibody
secreting hybridomas are replated, screened again and, if still
positive for human IgG, anti-TMEM16A monoclonal anti-
bodies are subcloned at least twice by limiting dilution. The
stable subclones are then cultured in vitro to generate small
amounts of antibody in tissue culture medium for further
characterization.

Generation of Hybridomas Producing Human Monoclonal
Antibodies

To generate hybridomas producing human monoclonal
antibodies of the invention, splenocytes and/or lymph node
cells from immunized mice can be isolated and fused to an
appropriate immortalized cell line, such as a mouse myeloma
cell line. The resulting hybridomas can be screened for the
production of antigen-specific antibodies. For example,
single cell suspensions of splenic lymphocytes from immu-
nized mice can be fused to one-sixth the number of P3X63-
AgR.653 nonsecreting mouse myeloma cells (ATCC, CRL
1580) with 50% PEG. Cells are plated at approximately
2x145 in flat bottom microtiter plates, followed by a two
week incubation in selective medium containing 20% fetal
Clone Serum, 18% “653” conditioned media, 5% Origen®
(IGEN), 4 mM L-glutamine, 1 mM sodium pyruvate, 5 mM
HEPES, 0:055 mM 2-mercaptoethanol, 50 units/ml penicil-
lin, 50 pg/ml streptomycin, 50 pg/ml gentamycin and 1xHAT
(Sigma; the HAT is added 24 hours after the fusion). After
approximately two weeks, cells can be cultured in medium in
which the HAT is replaced with HT. Individual wells can then
be screened by ELISA for human monoclonal IgM and IgG
antibodies. Once extensive hybridoma growth occurs,
medium can be observed usually after 10-14 days. The anti-
body secreting hybridomas can be replated, screened again,
and if still positive for human IgG, the monoclonal antibodies
can be subcloned at least twice by limiting dilution. The
stable subclones can then be cultured in vitro to generate
small amounts of antibody in tissue culture medium for char-
acterization.

To purify human monoclonal antibodies, selected hybrido-
mas can be grown in two-liter spinner-flasks for monoclonal
antibody purification. Supernatants can be filtered and con-
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centrated before affinity chromatography with protein
A-sepharose (Pharmacia, Piscataway, N.J.). Eluted IgG can
be checked by gel electrophoresis and high performance lig-
uid chromatography to ensure purity. The buffer solution can
be exchanged into PBS, and the concentration can be deter-
mined by OD,,, using an extinction coefficient of 1.43. The
monoclonal antibodies can be aliquoted and stored at -80° C.
Generation of Transfectomas Producing Monoclonal Anti-
bodies

Antibodies of the invention also can be produced in a host
cell transfectoma using, for example, a combination of
recombinant DNA techniques and gene transfection methods
as is well known in the art (e.g., Morrison, 1985 Science
229:1202).

For example, to express the antibodies, or antibody frag-
ments thereof, DNAs encoding partial or full-length light and
heavy chains, can be obtained by standard molecular biology
techniques (e.g., PCR amplification or cDNA cloning using a
hybridoma that expresses the antibody of interest) and the
DNASs can be inserted into expression vectors such that the
genes are operatively linked to transcriptional and transla-
tional control sequences. In this context, the term “opera-
tively linked” is intended to mean that an antibody gene is
ligated into a vector such that transcriptional and translational
control sequences within the vector serve their intended func-
tion of regulating the transcription and translation of the
antibody gene. The expression vector and expression control
sequences are chosen to be compatible with the expression
host cell used. The antibody light chain gene and the antibody
heavy chain gene can be inserted into separate vector or, more
typically, both genes are inserted into the same expression
vector. The antibody genes are inserted into the expression
vector by standard methods (e.g., ligation of complementary
restriction sites on the antibody gene fragment and vector, or
blunt end ligation if no restriction sites are present). The light
and heavy chain variable regions of the antibodies described
herein can be used to create full-length antibody genes of any
antibody isotype by inserting them into expression vectors
already encoding heavy chain constant and light chain con-
stant regions of the desired isotype such that the V, segment
is operatively linked to the CH segment(s) within the vector
and the V; segment is operatively linked to the CL segment
within the vector. Additionally or alternatively, the recombi-
nant expression vector can encode a signal peptide that facili-
tates secretion of the antibody chain from a host cell. The
antibody chain gene can be cloned into the vector such that
the signal peptide is linked in frame to the amino terminus of
the antibody chain gene. The signal peptide can be an immu-
noglobulin signal peptide or a heterologous signal peptide
(i.e., a signal peptide from a non-immunoglobulin protein).

In addition to the antibody chain genes, the recombinant
expression vectors of the invention carry regulatory
sequences that control the expression of the antibody chain
genes in a host cell. The term “regulatory sequence” is
intended to include promoters, enhancers and other expres-
sion control elements (e.g., polyadenylation signals) that con-
trol the transcription or translation of the antibody chain
genes. Such regulatory sequences are described, for example,
in Goeddel (Gene Expression Technology. 1990 Methods in
Enzymology 185, Academic Press, San Diego, Calif.). It will
be appreciated by those skilled in the art that the design of the
expression vector, including the selection of regulatory
sequences, may depend on such factors as the choice of the
host cell to be transformed, the level of expression of protein
desired, etc. Regulatory sequences for mammalian host cell
expression include viral elements that direct high levels of
protein expression in mammalian cells, such as promoters
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and/or enhancers derived from cytomegalovirus (CMV),
Simian Virus 40 (SV40), adenovirus (e.g., the adenovirus
major late promoter (AdMLP)), and polyoma. Alternatively,
nonviral regulatory sequences may be used, such as the ubiq-
uitin promoter or P-globin promoter. Still further, regulatory
elements composed of sequences from different sources, such
as the SRa promoter system, which contains sequences from
the SV40 early promoter and the long terminal repeat of
human T cell leukemia virus type 1 (Takebe et al., 1988 Mol.
Cell. Biol. 8:466-472).

In addition to the antibody chain genes and regulatory
sequences, the recombinant expression vectors of the inven-
tion may carry additional sequences, such as sequences that
regulate replication of the vector in host cells (e.g., origins of
replication) and selectable marker genes. The selectable
marker gene facilitates selection of host cells into which the
vector has been introduced (see, e.g., U.S. Pat. Nos. 4,399,
216; 4,634,665; and 5,179,017, all by Axel et al.). For
example, typically the selectable marker gene confers resis-
tance to drugs, such as G418, hygromycin or methotrexate, on
a host cell into which the vector has been introduced. Select-
able marker genes include the dihydrofolate reductase
(DHFR) gene (for use in dhfr-host cells with methotrexate
selection/amplification) and the neo gene (for G418 selec-
tion).

For expression of the light and heavy chains, the expression
vector(s) encoding the heavy and light chains is transfected
into a host cell by standard techniques. The various forms of
the term “transfection” are intended to encompass a wide
variety of techniques commonly used for the introduction of
exogenous DNA into a prokaryotic or eukaryotic host cell,
e.g., electroporation, calcium-phosphate precipitation,
DEAE-dextran transfection and the like. It is theoretically
possible to express the antibodies of the invention in either
prokaryotic or eukaryotic host cells. Expression of antibodies
in eukaryotic cells, in particular mammalian host cells, is
discussed because such eukaryotic cells, and in particular
mammalian cells, are more likely than prokaryotic cells to
assemble and secrete a properly folded and immunologically
active antibody. Prokaryotic expression of antibody genes has
been reported to be ineffective for production ofhigh yields of
active antibody (Boss and Wood, 1985 Immunology Today
6:12-13).

Mammalian host cells for expressing the recombinant anti-
bodies of the invention include Chinese Hamster Ovary
(CHO cells) (including dhfr-CHO cells, described Urlaub and
Chasin, 1980 Proc. Natl. Acad. Sci. USA 77:4216-4220 used
with a DH FR selectable marker, e.g., as described in Kauf-
man and Sharp, 1982 Mol. Biol. 159:601-621, NSO myeloma
cells, COS cells and SP2 cells. In particular, for use with NSO
myeloma cells, another expression system is the GS gene
expression system shown in WO 87/04462, WO 89/01036
and EP 338,841. When recombinant expression vectors
encoding antibody genes are introduced into mammalian host
cells, the antibodies are produced by culturing the host cells
for a period of time sufficient to allow for expression of the
antibody in the host cells or secretion of the antibody into the
culture medium in which the host cells are grown. Antibodies
can be recovered from the culture medium using standard
protein purification methods.

4. Assays for Identifying and Functional Analysis of the
TMEMI16A Binding Molecules

Standard assays to evaluate the ability of molecules to bind
to TMEMI16A of various species, and particular epitopes of
TMEMI16A, are known in the art, including, for example,
ELISAs and western blots. Determination of whether an
TMEMI16A binding molecule binds to a specific epitope of
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TMEMI16A (e.g., KLIRYLKLKQ or RYKDYREPPWS) can
employ a peptide epitope competition assay. For example, a
TMEMI16A binding molecule is incubated with a peptide
corresponding to a TMEMI16A epitope of interest (e.g.,
KLIRYLKLKQ or RYKDYREPPWS) at saturating concen-
trations of peptide. The preincubated TMEM16A binding
molecule is tested for binding to immobilized TMEM16A,
e.g., by Biacore® analysis. Inhibition of TMEM16A binding
by preincubation with the peptide indicates that the
TMEMI16A binding molecule binds to the peptide epitope.
Binding kinetics also can be assessed by standard assays
known in the art, such as by Biacore® analysis or apparent
binding by FACS analysis. Assays to evaluate the effects of
TMEMI16A binding molecules on functional properties of
TMEMI16A are described in further detail below.

Accordingly, an TMEM16A binding molecule that “inhib-
its” one or more of these TMEMI16A functional properties
(e.g., biochemical, cellular, physiological or other biological
activities, or the like), as determined according to methodolo-
gies known to the art and described herein, will be understood
to produce a statistically significant decrease in the particular
functional property relative to that seen in the absence of the
binding molecule (e.g., when a control molecule of irrelevant
specificity is present). A TMEM16A binding molecule that
inhibits TMEM16A activity effects such a statistically sig-
nificant decrease by at least 5% of the measured parameter. In
certain embodiments, an antagonizing antibody or other
TMEMI16A binding molecule may produce a decrease in the
selected functional property of at least 10%, 20%, 30%, or
50% compared to control.

In some embodiments, TMEMI16A inhibition is deter-
mined by measuring levels of proteins or protein stability
functioning in the same pathway as that of TMEMEI16A. In
other embodiments, biological, physiological, and/or mor-
phological changes indicate that the TMEMI16A binding
molecule inhibits TMEM16A, e.g., to inhibit the growth of a
tumor cell or to induce apoptosis in a tumor cell including
genes associated with the TMEMI16A colocalized in the
11q13 amplicon, i.e., Cyclin D, FGF19, FGF3, FGF4, EMS1,
PPFIAL, FADD.

Contrarily, a TMEM16A binding molecule that agonizes
or promotes TMEMI16A activity effectuates such a statisti-
cally significant increase by at least 5% of the measured
parameter. In certain embodiments, an agonizing antibody or
other TMEM16A binding molecule may produce an increase
in the selected functional property of at least 10%, 20%, 30%,
or 50% compared to control.

In some embodiments, TMEMI16A inhibition is deter-
mined by measuring expression or stability levels of down-
stream mRNA messages or proteins in TMEM16A pathway.
These pathways include all oncogenic transcription factors or
oncogenic pathways upstream or downstream of TMEM16A,
including but are not limited to, the transcription factors
KLF4,cMYC, RAS, Raf, p53, and E1A or the I1.4 signaling
transduction pathway known to up-regulate TMEMI16A
expression levels. In other embodiments, biological, physi-
ological, and/or morphological changes indicate that the
TMEMI16A binding molecule inhibits TMEM16A function,
e.g., blockade of calcium activated chloride channel activity
as measured by patch clamp.

Amplification and/or overexpression of TMEMI16A (in
GIST and ESCC) suggests a functional role in cancer. Loss of
function of TMEMI16A either by blockade with an antago-
nistic antibody, toxin conjugated antibody, synthetic small
molecule, or siRNA will lead to a loss of viability of tumor
cells. In vitro assays including measurement of ATP using a
luciferase reporter, growth in soft agar, growth in a colony
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formation assay, or growth as a sphereoid are all cell based
viability read outs of TMEMI16A activity.

Transgenic animals and cell lines are particularly useful in
screening antibodies or antibody-drug conjugates (ADC) that
have potential as prophylactic or therapeutic treatments of
diseases or disorders involving overexpression of tumor-as-
sociated antigens, e.g. TMEMI16A. Screening for a useful
antibody or ADC may involve administering candidate anti-
body or ADC over a range of doses to the transgenic animal,
and assaying at various time points for the effect(s) of the
antibody or ADC on the disease or disorder being evaluated.
Alternatively, or additionally, the drug can be administered
prior to or simultaneously with exposure to an inducer of the
disease, if applicable. Candidate antibody or ADC may be
screened serially and individually, or in parallel under
medium or high-throughput screening format. The rate at
which antibody or ADC may be screened for utility for pro-
phylactic or therapeutic treatments of diseases or disorders is
limited only by the rate of synthesis or screening methodol-
ogy, including detecting/measuring/analysis of data.

The cytotoxic or cytostatic activity of an antibody-drug
conjugate (ADC) can be measured by: exposing mammalian
cells having tumor-associated antigens (e.g., TMEM16A) to
the antibody of the ADC in a cell culture medium; culturing
the cells for a period from about 6 hours to about 5 days; and
measuring cell viability. Cell-based in vitro assays may be
used to measure viability, e.g. proliferation (IC50), cytotox-
icity (EC50), and induction of apoptosis (caspase activation)
of the ADC.

5. Compositions Comprising TMEM16A Binding Mol-
ecules

The invention provides pharmaceutical compositions com-
prising the present anti-TMEMI16A antibodies or antigen-
binding molecules formulated together with a pharmaceuti-
cally acceptable carrier. The compositions can additionally
contain other therapeutic agents that are suitable for treating
or preventing a given disorder. Pharmaceutically carriers
enhance or stabilize the composition, or to facilitate prepara-
tion of the composition. Pharmaceutically acceptable carriers
include solvents, dispersion media, coatings, antibacterial
and antifungal agents, isotonic and absorption delaying
agents, and the like that are physiologically compatible.

A pharmaceutical composition ofthe present invention can
be administered by a variety of methods known in the art. The
route and/or mode of administration vary depending upon the
desired results. It is preferred that administration be intrave-
nous, intramuscular, intraperitoneal, or subcutaneous, or
administered proximal to the site of the target. The pharma-
ceutically acceptable carrier should be suitable for intrave-
nous, intramuscular, subcutaneous, parenteral, intranasal,
inhalational, spinal or epidermal administration (e.g., by
injection or infusion). Depending on the route of administra-
tion, the active compound, i.e., antibody, bispecific and mul-
tispecific molecule, may be coated in a material to protect the
compound from the action of acids and other natural condi-
tions that may inactivate the compound.

The antibodies (or antigen binding molecules) of the inven-
tion, alone or in combination with other suitable components,
can be made into aerosol formulations (i.e., they can be
“nebulized”) to be administered via inhalation. Aerosol for-
mulations can be placed into pressurized acceptable propel-
lants, such as dichlorodifltuoromethane, propane, nitrogen,
and the like.

In some embodiments, the composition is sterile and fluid.
Proper fluidity can be maintained, for example, by use of
coating such as lecithin, by maintenance of required particle
size in the case of dispersion and by use of surfactants. In
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many cases, it is preferable to include isotonic agents, for
example, sugars, polyalcohols such as mannitol or sorbitol,
and sodium chloride in the composition. Long-term absorp-
tion of the injectable compositions can be brought about by
including in the composition an agent which delays absorp-
tion, for example, aluminum monostearate or gelatin.

Pharmaceutical compositions of the invention can be pre-
pared in accordance with methods well known and routinely
practiced in the art. Pharmaceutically acceptable carriers are
determined in part by the particular composition being
administered, as well as by the particular method used to
administer the composition. Accordingly, there is a wide vari-
ety of suitable formulations of pharmaceutical compositions
of'the present invention. Applicable methods for formulating
the antibodies and determining appropriate dosing and sched-
uling can be found, for example, in Remington: The Science
and Practice of Pharmacy, 21°* Ed., University of the Sci-
ences in Philadelphia, Eds., Lippincott Williams & Wilkins
(2005); and in Martindale: The Complete Drug Reference,
Sweetman, 2005, London: Pharmaceutical Press, and in Mar-
tindale, Martindale: The Extra Pharmacopoeia, 31st Edition,
1996, Amer Pharmaceutical Assn, and Sustained and Con-
trolled Release Drug Delivery Systems, J. R. Robinson, ed.,
Marcel Dekker, Inc., New York, 1978, each of which are
hereby incorporated herein by reference. Pharmaceutical
compositions are preferably manufactured under GMP con-
ditions. Typically, a therapeutically effective dose or effica-
cious dose ofthe anti-TMEM16A antibody is employed in the
pharmaceutical compositions of the invention. The anti-
TMEMI16A antibodies are formulated into pharmaceutically
acceptable dosage forms by conventional methods known to
those of skill in the art. Dosage regimens are adjusted to
provide the desired response (e.g., a therapeutic response). In
determining a therapeutically or prophylactically effective
dose, a low dose can be administered and then incrementally
increased until a desired response is achieved with minimal or
no undesired side effects. For example, a single bolus may be
administered, several divided doses may be administered
over time or the dose may be proportionally reduced or
increased as indicated by the exigencies of the therapeutic
situation. It is especially advantageous to formulate
parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form as
used herein refers to physically discrete units suited as unitary
dosages for the subjects to be treated; each unit contains a
predetermined quantity of active compound calculated to pro-
duce the desired therapeutic effect in association with the
required pharmaceutical carrier.

Actual dosage levels of the active ingredients in the phar-
maceutical compositions of the present invention can be var-
ied so as to obtain an amount of the active ingredient which is
effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration,
without being toxic to the patient. The selected dosage level
depends upon a variety of pharmacokinetic factors including
the activity of the particular compositions of the present
invention employed, or the ester, salt or amide thereof, the
route of administration, the time of administration, the rate of
excretion of the particular compound being employed, the
duration of the treatment, other drugs, compounds and/or
materials used in combination with the particular composi-
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tions employed, the age, sex, weight, condition, general
health and prior medical history of the patient being treated,
and like factors.

6. Uses and Methods of the Invention

The TMEM16A binding molecules described herein have
in vitro and in vivo diagnostic and therapeutic utilities. For
example, these molecules can be administered to cells in
culture, e.g. in vitro or in vivo, or in a subject, to treat, prevent
or diagnose a variety of disorders. TMEM16A binding mol-
ecules are particularly suitable for treating human patients
suffering from cancer, infectious diarrhea (bacterial or viral),
or sepsis. An agonist antibody or low molecular weight
inhibitor approach could be employed for dry eye or dry
mouth (Sjogren’s syndrome).

In one embodiment, TMEM16A binding molecules can be
used to diagnose, ameliorate the symptoms of, protect
against, and treat cancer by binding to ECD2 or ECD3 of
TMEMI16A. Cancers which are amenable to treatment by the
administration of the TMEM16A binding molecules of the
invention include but are not limited to gastrointestinal can-
cer, gastrointestinal stromal tumor, esophageal squamous cell
carcinoma, oral squamous cell carcinoma, head and neck
cancer, and all other cancers relating to 11q13 amplification.

In a related fashion, the TMEM16A binding molecules of
the invention are capable of inhibiting the growth of a tumor
cell, or of inducing apoptosis in, or inhibiting angiogenesis of,
a tumor cell. For example, to inhibit tumor growth, a tumor
cell can be contacted with an anti-TMEMI16A antibody, anti-
body fragment thereof, an antibody drug conjugate, or other
TMEMI16A binding molecules.

When TMEMI16A binding molecules are administered
together with another agent, the two can be administered
sequentially in either order or simultaneously. In some
embodiments, a TMEM16A binding molecule is adminis-
tered to a subject who is also receiving therapy with a second
agent. Said second agent can be a chemotherapeutic, in the
case of cancers. A combination therapy regimen may be addi-
tive, or it may produce synergistic results (e.g., increases in
apoptosis of cancer cells greater than expected for the com-
bined use of the two agents).

In one embodiment, the TMEM16A binding molecules of
the invention can be used to detect levels of TMEMI16A. This
can be achieved, for example, by contacting a sample (such as
an in vitro sample) and a control sample with the TMEM16A
binding molecule under conditions that allow for the forma-
tion of a complex between the binding molecule and
TMEMI16A. Any complexes formed between the molecule
and TMEM16A are detected and compared in the sample and
the control. For example, standard detection methods, well
known in the art, such as ELISA and flow cytometric assays,
can be performed using the compositions of the invention.

Accordingly, in one aspect, the invention further provides
methods for detecting the presence of TMEMI16A (e.g.,
human TMEM16A) in a sample, or measuring the amount of
TMEMI16A, comprising contacting the sample, and a control
sample, with an TMEM16A binding molecule (e.g., an anti-
body) of the invention, under conditions that allow for for-
mation of a complex between the antibody or portion thereof
and TMEM16A. The formation of a complex is then detected,
wherein a difference in complex formation between the
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sample compared to the control sample is indicative of the
presence of TMEMI16A in the sample.

Also within the scope of the invention are kits consisting of
the compositions of the invention and instructions for use.
The kit can further contain a least one additional reagent, or
one or more additional antibodies of the invention (e.g., an
antibody having a complementary activity which binds to an
epitope on the target antigen distinct from the first antibody).
Kits typically include a label indicating the intended use of
the contents of the kit. The term label includes any writing, or
recorded material supplied on or with the kit, or which oth-
erwise accompanies the kit.

The invention having been fully described, it is further
illustrated by the following examples and claims, which are
illustrative and are not meant to be further limiting. Those
skilled in the art will recognize or be able to ascertain using no
more than routine experimentation, numerous equivalents to
the specific procedures described herein. Such equivalents
are within the scope of the present invention and claims. The
contents of all references, including issued patents and pub-
lished patent applications, cited throughout this application
are hereby incorporated by reference.

EXAMPLES

The following examples are offered to illustrate, but not to
limit the claimed invention.

Mouse, rat and human TMEMI16A have been sequenced
and found to be almost identical (>98%) across the whole
protein. TMEMI16A has been reported to be expressed in
mouse epithelia, lung and kidney, acinar cells of the pancreas
and submandibular gland.

The human derived, pharangeal squamous cell carcinoma
FaDu cell-line (HTB-43) was grown in Eagles Minimum
Essential Medium. The cervical epithelial adenocarcinoma
HeLa cell-line (CCL-2) was also cultured in Eagles Mini-
mum Essential Medium. TE-11 is an esophageal squamous
cell carcinoma. GIST882 cells are derived from a patient with
metastatic GIST tumor. GISTs are classified most often as
smooth muscle tumors, however, contemporary histopatho-
logical criteria, particularly expression of the ¢c-KIT receptor
tyrosinekinase (CD117), enable true non-myogenic GISTs to
be discriminated from other gastrointestinal mesenchymal
tumors. Sequencing of the c-KIT gene has revealed activating
mutations in many GISTs, a key role for ¢-KIT in GIST
pathogenesis is supported by the finding that some kindreds
with an autosomal dominant pattern of multiple primary
GISTs have germline c-KIT activating mutations. The
mechanisms of GIST ¢-KIT activation appear to be varied, as
suggested by the finding of oncogenic mutations in the extra-
cellular, juxtamembrane, and kinase domains. The relevance
of ¢-KIT signaling in the pathobiology of GIST has been
established using a GIST cell line, GIST882, from a patient
with metastatic GIST. The GIST882 cell line is of stromal
origin and grows in perpetuity in cell culture. Both the pri-
mary GIST and the GIST882 cell line expressed a ¢-KIT
allele with an exon 13 missense mutation, resulting in a single
amino acid substitution, K642E, in the proximal part of the
split tyrosine kinase domain. The K642F ¢-KIT oncoprotein,
in GIST882 cell lysates, had constitutive kinase activity. In
addition, wild-type ¢-KIT transcripts were not detected in
either the primary tumor or in GIST882, and GIST882 did not
proliferate in response to supplemental stem cell factor
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(SCF). Cytogenetic characterization revealed monosomy of
chromosomes 14 and 22 in the GIST882 cell line and primary
tumor.

Te-11 and GIST882 cells were cultured in RPMI medium
(Invitrogen). All media was supplemented with 10% fetal
bovine serum (FBS), and cells grown in flasks at 37° C. in a
humidified incubator with 5% CO,.

Example 1
Antibody Generation

Generation of an ECD2-Binding Antibody

The peptide sequence KLIRYLKLKQ was used to raise a
mouse monoclonal antibody (SE2D1, which is an 1gG1 anti-
body). FIG. 1 highlights where the peptide sequence was
directed. SP31 (ab64085) Abcam is a rabbit monoclonal anti-
body against human TMEM16A. We have mapped SP-31
binding to the 2nd extracellular domain using peptide block-
ing experiments and western blotting. BV-10 (ab65970)
Abcam is also a rabbit monoclonal antibody against human
TMEMI16A. TMEM16A was detected using a rabbit poly-
clonal anti-TMEMI16A antibody (BV10 ab65970). The
immunogen is a synthetic peptide from the C-terminus of
human TMEM16A.

In addition, a second rabbit antibody to human TMEM16A
(“SP31 ab64085”) was tested. Three blocking peptides were
generated: Peptide #1 has the amino acid sequence of
EEAVKDHPRAEYEARVLEKSLK (SEQ ID NO:5), Pep-
tide #2 has the amino acid sequence of
DHEECVKRKQRYEVDYNLE (SEQ ID NO:6); and Pep-
tide #3 has the amino acid sequence of KEKVLMVELFM-
REEQDK (SEQ ID NO:7). Peptides #1 and #3 did not reduce
SP31 ab64085 signal by western blot. Pre-incubation with
peptide 2 effectively blocked SP31 at 1e-2 ugml-1 (see FIG.
7). This data suggests SP31 ab64085 recognizes amino acids
724-742 present in the second extracellular loop (ECD2) of
TMEMI16A.

Generation of an ECD3 Binding Antibody

Antibodies specifically binding to TMEMI16A were also
produced by using genetic immunization technology com-
bined with hybridoma technology (see, e.g., Lohrmann et al.,
Current Drug Discovery, Oct. 17-21 (2003)). Unlike standard
immunization approaches that use protein antigen, genetic
immunization uses cDNA and the machinery of the immu-
nized animal to express the resulting antigen. The cDNA used
to express TMEM16A was an optimized chimeric-scaffold
vector expressing extracellular loops of a multi-transmem-
brane-spanning proteins (for detailed method, see, e.g., Lars-
son et al., J. of Immunological Methods 370:14-23 (2011)).
The TMEM16A c¢DNA encodes three extracellular loops of
the protein (loops ECD1, ECD1.1, ECD3). For TMEM16A
antibody generation, five rats were immunized with the
TMEMI16A cDNA embedding in colloidal gold and delivered
via gene gun. Immune cells in the skin including dendritic
cells and keratinocytes take up the cDNA and express the
protein on the cell surface. Rats that developed a positive
immune response against TMEM16A were chosen for fusion
and hybridoma generation. Hybridoma supernatants were
tested in cell-based ELISAs with CHO cells (Chinese Ham-
ster Ovary Cells) expressing the TMEM16A cDNA. A subset
of hybridomas were selected for subcloning resulting in
clonal hybridoma populations each expressing a single
TMEMI16A antibody. Table 2 describes the relevant
sequences of the antibody.
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TABLE 2

Sequence of 12E11l

SEQ ID Antibody

NUMBER Region Sequence

SEQ ID NO: 8 HCDR1 NYDMH

(Kabat)

SEQ ID NO: 9 HCDR2 VIWGNGKTQYNSGLTS

(Kabat)

SEQ ID NO: 10 HCDR3 SGYYYDGSYYSLFDY

(Kabat)

SEQ ID NO: 11 LCDR1 RSSQSLLHSNGNTYLN

(Kabat)

SEQ ID NO: 12 LCDR2 LVSRLES

(Kabat)

SEQ ID NO: 13 LCDR3 VQSTHAPA

(Kabat)

SEQ ID NO: 14 HCDR1 GFSLSNY

(Chothia)

SEQ ID NO: 15 HCDR2 WGNGK

(Chothia)

SEQ ID HCDR3 SGYYYDGSYYSLFDY

NO: 16 (Chothia)

SEQ ID NO: 17 LCDR1 SQSLLHSNGNTY

(Chothia)

SEQ ID NO: 18 LCDR2 LvVS

(Chothia)

SEQ ID NO: 19 LCDR3 STHAP

(Chothia)

SEQ ID NO: 20 VL DVVLTQTPPTLSATIGQSVSISCRSSQSLLHSNGNTYLNWLLORPG
QPPQLLIYLVSRLESGVPNRFSGSGSGTDFTLKISGVEAEDLGVYYC
VQSTHAPAFGGGTKLELK

SEQ ID NO: 21 VH QVQLKESGPGLVQPSQTLTLTCTVSGFSLSNYDMHWVRQSPGKG
LDWMGVIWGNGKTQYNSGLTSRLSISRDTSKSQVFLKMNSLQTE
DTAIYFCTRSGYYYDGSYYSLFDYWGQGVMVTVSS

SEQ ID NO: 22 DNA VL GATGTTGTTCTGACCCAGACTCCACCCACTTTATCGGCTACCATT
GGACAATCAGTCTCCATCTCTTGCAGGTCAAGTCAGAGTCTCTT
ACACAGTAATGGAAACACCTATTTAAATTGGTTGCTACAGAGGC
CAGGCCAACCTCCACAACTTCTAATTTATTTGGTATCTAGACTGG
AATCTGGGGTCCCCAACAGGTTCAGTGGCAGTGGGTCAGGAAC
TGATTTCACACTCAAAATCAGTGGAGTAGAGGCTGAGGATTTG
GGAGTTTATTACTGCGTGCAAAGTACCCATGCTCCCGCGTTCGG
TGGAGGCACCAAGCTGGAATTGAAA

SEQ ID NO: 23 DNA VH CAGGTGCAGCTGAAGGAGTCAGGACCTGGTCTGGTGCAGCCCT

CACAGACCCTGACCCTCACCTGCACTGTCTCTGGATTCTCACTTA
GCAACTATGATATGCACTGGGTTCGCCAGTCTCCAGGAAAGGG
TCTGGACTGGATGGGCGTAATATGGGGTAATGGAAAAACACAA
TATAATTCAGGTCTCACATCCCGACTGAGCATCAGCAGGGACAC
CTCCAAGAGTCAAGTTTTCTTAAAAATGAACAGTCTGCAAACTG
AGGACACAGCCATTTACTTCTGTACCAGATCGGGTTATTACTAT
GATGGTAGTTATTATTCCCTCTTTGATTATTGGGGCCAAGGAGT
CATGGTCACAGTCTCTTCA
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Example 2

Epitope Mapping of 12E11

In order to map the epitope of the 12E11 antibody, a first 5

library of 15-mer peptides was generated based on chimeric

52
sequence linking ECD1 and ECD3 domain together with a
spacer (Table 3). As a negative control, peptides based on the
ECD2 domain were included (Table 3). In Table 3, sequences
in bold represent the spacers between the ECDs; and under-
lined residues correspond to parental cysteine replaced by
serine.

TABLE 3

Sequenceg used to generate the peptide librar

Amino Acid Sequences

ECD1-3 YGSATMDENIPSMEMSDQRHNITMSPLSDKTSSYWKMSSASATARASHGSSSGRISMAAALA
MNSSPSVRSNIRVTVTGSSSGPRLVYLYMYSKNGTMHGFVNHTLS SFNVSDFQNGTAPNDPL

DLGYEVQISRYKDYREPPWSENKYDISKD

ECD2

(SEQ ID NO: 24)

NNLFEIGIPKMKKLIRYLKLKQQSPPDHEESVKRKQRYEVDYNLEPFAGLTPEYM
(SEQ ID NO:

25)
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Accordingly, each peptide in the first library has 15 amino
acids and the sequence is derived by scanning the sequence of
interest (see Table 3) with a step of 3 residues, starting from
the N-terminus. Therefore a ladder is generated and each
peptide contains 12 overlapping residues with the previous
peptide and 12 overlapping residues with the following pep-
tide in the ladder. In total, 47 peptides were generated from
the ECD1-ECD3 chimeric construct and 15 peptides from the
ECD2 sequence.

A second library of peptides was generated by using the
same peptides but flanked by a cysteine residue at the N- and
C-terminus to mimic loops by forming a disulfide bridge
through oxidation.

For both libraries, the parental cysteines have been
replaced by a serine (underlined residues) to avoid unspecific
binding and to be able to produce the cyclic peptides.

Both set of peptides were printed on microarray slides in
triplicate, incubated with the antibody of interest (12E11) and
control antibodies. One is an incubation with an unrelated
antibody from the same isotype (rat control IgG2b), the sec-
ond using only the secondary antibody (anti-rat IgG (H+L)
(JIR, 212-175-082) (Label Cy5)) to assess unspecific binding
due to the detection antibody. The experiments are performed
essentially as described in Maksimov P, et al. 2012, PLoS One
7:€34212. doi:10.1371/journal.pone. 0034212.

The determination of peptide-antibody binding was per-
formed by RepliTope-analysis where the peptide microarray
(triplicate) was incubated with the primary antibody followed
by a fluorescently labelled secondary antibody directed
against the Fc-part of the primary one. All steps were per-
formed on a TECAN microarray processing station enabling
highly reliable and reproducible washing and incubation
steps. After performing the incubation steps and subsequent
to the final washing steps (to remove the unbound secondary
antibodies) the microarrays were dried using a nitrogen
stream and scanned in a high resolution microarray scanning
system with appropriate wavelength settings. Control incu-
bations were performed with an unrelated antibody having
the same isotype to exclude false positive signals.

The resulting images were analyzed and quantified using
spot-recognition software GenePix (Molecular Devices). For
each spot, the mean signal intensity was extracted (between 0
and 65535 arbitrary units). For further data evaluation, the
MMC2 values were determined. The MMC2 equals the mean
value of all three instances on the microarray. Except the
coefficient of variation (CV)—standard-deviation divided by
the mean value—is larger 0.5, in this case the mean of the two
closest values (MC2) is assigned to MMC2.
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Results:

Only 3 overlapping peptides have actual signals which are
more than 3 times above background signal after subtraction
of'the signals of the unrelated antibody. These peptides are the
same for the linear and the cyclic peptides. All other peptides
produce only signals below 500 AU (arbitrary unit), whereas
the weakest of these 3 peptides, peptide 46 (Tables 4 and 5),
has a signal of about 15000 AU. Peptide 44 and 45 (Tables 4
and 5), have the strongest signal, therefore the peptide
sequence to be considered as containing the binding amino
acid to the target antibody is the overlapping stretch between
those 2 peptides, without the (C->S replacement):
RYKDYREPPWS (SEQ ID NO:4).

TABLE 4

10

54

In the Pantomics array MNO0341 of 33 normal tissues
showed very limited staining with TMEM16A both with the
BV-10 antibody and the SP-31 antibody. There was some
staining evident in the fallopian tube, spleen, testes and breast
duct tissue. No staining was evident in any other tissues in the
array which included: cerebellum, small intestine, lung, pitu-
itary gland, umbilical cord, cerebral cortex, stomach, liver,
parathyroid adenoma, spinal chord, tonsil, bone marrow kid-
ney, skin, thymus, uterus, bladder, heart, ovary, prostate, adre-
nal glands, thyroid, colon, lymph node, placenta, startified
muscle, and urethra. Similar results were obtained with
BV-10 and SP-31. SP-31 was used for all subsequent immu-

Signal intensity after
subtraction of

Linear peptides Sequence control signal (AU) SEQ ID NO
44 _ECD1-3 VQISRYKDYREPPWS 36793 26
45_ECD1-3 SRYKDYREPPWSENK 27263 27
46_ECD1-3 KDYREPPWSENKYDI 15149 28
TABLE 5
Signal intensity after
subtraction of
Cyclic peptides Sequence control signal (AU) SEQ ID NO
44 _ECD1-3 CVQISRYKDYREPPWSC 55884 29
cys
45_ECD1-3 CSRYKDYREPPWSENKC 56602 30
cys
46_ECD1-3 CKDYREPPWSENKYDIC 24757 31
cys

The residues in bold are the cysteine (C) used for cyclization.
Underlined residues correspond to parental cysteine replaced
by serine.

Example 3

Differential Expression in Cancer Versus Normal
Tissues

Two commercial antibodies (SP-31 and BV-10) recogniz-
ing TMEM16A were tested against a panel of normal and
tumor tissue arrays. Formalin fixed paraffin embedded arrays
were obtained from Pantomics. Antibody concentrations
were optimized prior to testing the arrays. An array
(MNO0341) containing 33 types of normal tissue was used to
determine expression in patient critical tissues such as liver,
kidney, heart. Multiple tumor arrays were tested containing
tissue specific normal and cancerous tissue. Tumor arrays
tested included GIST481, a gastrointestinal stromal tumor
array containing 24 univolved and GIST tissues. Other arrays
were tested from esophagus (ESC241), stomach (STC961)
and colon (COC481).

Addition arrays were obtained from Biomax and tested
with SP-31, BV-10 and isotype control. Arrays tested
included FDA955 normal tissue array, GIST881, gastrointes-
tinal stromal tumor array, and HN802 a head and neck tumor
array.
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nohistochemistry. FIG. 2 shows TMEMI16A expression is
elevated in tumor samples relative to normal tissue.

Example 4
TMEMI16A is Localized on the Cell Surface

Cell surface localization of TMEMI16A was tested in two
different assay systems, formalin fixed paraffin embedded
(FFPE) cell line pellets and expression of the TMEM16A-
GFP tagged ORF in Hela and HEK293 cells.

Formalin Fixed Paraftin Embedded Cell Line Pellets:

Gastrointestinal stromal tumor cell lines GIST882 were
cultured, embedded in paratfin and formalin fixed. The result-
ing pellets were incubated with either SP-31 or IgG isotype
control. The detailed method is described herein: cells were
grown to 80% confluence in T150 flasks, media was aspirated
and cells rinsed twice with 40 ml of sterile PBS. Cells were
initially fixed for 10 min using 40 ml of 10% neutral buffered
formalin. Cells were then detached using a scraper and col-
lected into a 50 ml conical tube. Fixation was continued for an
additional two hours. Post fixation, cells were pelleted by
centrifugation for 5 min at 1200 rpm and formalin removed
by aspiration. A range 0f 0.5-1 ml of warmed histogel (65° C.)
was added to the cells and mixed gently by pipetting up and
down. The cells and warmed gel are transferred into a 7 mmx7
mm tissue mold and cooled to room temp. Using a spatula, the
gel matrix was removed and placed in a tissue cassette
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between two sponges. The cassette was passed through a
graded series of alcohol (70%, 80%, 95%, and 100% etha-
nol), xylene, and paraffin under vacuum infiltration for
twenty minutes each step, using a tissue processor. The cas-
sette was then removed from the processor and the gel matrix
containing the cells was embedded in paraffin wax and ready
for sectioning. Sections were cut onto glass slides and stained
either with SP-31 or IgG isotype control.

Result: The isotype control yielded no staining, following
incubation with secondary antibody. As shown in FIG. 3, the
SP-31 antibody recognizing TMEM16A showed very strong
membranous staining, demonstrating high levels of
TMEM16A localization on the surface of GIST882 cells.

Cell Surface Localization of TMEM16A-GFP:

Hela and HEK293 cells have undectable levels of
TMEMI16A mRNA and protein as measured by RTPCR and
Western blot, respectively. Hela and HEK293 cells were
transfected with a TMEM16A-GFP fusion protein. The
cDNA ORF (NM_ 018043.4) was obtained in a plasmid vec-
tor pCMV6-AC-gfp (Origene). The cDNA is GFP tagged at
the C-terminus to allow quantification of the expressed pro-
tein. As a control, the vector only was used. Hela-
TMEM16A-GFP Hek293-TMEM16A-GFP stable cell line
and Hela-vector only-GFP Hek293-vector only-GFP stable
cell line was built following transfection with Fugene HD and
selection using geneticin 400 ug/ml.

Result: Stable Hela and HEK293 cell lines expressing
either TMEM16A-GFP tagged ORF the vector only were
generated following Fugene transfection, selection with
geneticin and rounds of cell sorting for GFP positive cells.
These cells were seen to be pure populations stably express-
ing either TMEMI16A or vector control. Fluorescence light
microscopy shows that the vector control GFP signal is evi-
dent throughout the Hela cells (FIG. 4a(A)). In contrast
TMEMI16A-GFP is seen only in the cell membrane in Hela
TMEMI16A overexpressing cells (FIG. 4a(B)). Fluorescence
light microscopy shows that the vector control GFP signal is
evident throughout the HEK293 cells (FIG. 45(A)). In con-
trast TMEM16A-GFP is seen only in the cell membrane in
HEK293 TMEM16A overexpressing cells (FIG. 45(B)).

Example 5
Target-Antibody Internalization

GISTS882 cells were trypsinized and resuspended at 1x10%/
ml in growth medium (RPMI-1640). 1 ml of cell suspension
was added to ten 5 ml BD Falcon tubes, cells were pelleted,
medium aspirated and cell pellets disrupted by agitation. All
subsequent washes and dilutions were in phosphate buffered
saline plus 1% fetal bovine serum. Neat SE2D1 tissue culture
supernatant or isotype control (1 ngml-1) was added for 30
min at 4° C. Cells were washed and tubes were placed ina 37°
C. water bath for 0 min, 15 min, 30 min, 1 hour or 4 hours.
Following this incubation step 1:500 dilution of anti-mouse
Alexa635 (Invitrogen) was added for 30 min at 4° C. Cells
were washed again and returned to 4° C. prior to analysis on
a BD LSRII.

SE2D1 antibody recognizes an extracellular portion of the
TMEMI16A molecule in ECD2. Using TMEM16A express-
ing GIST882 cells, we were able to demonstrate good stain-
ing by flow cytometry using an APC secondary antibody
(SP-31 and BV-10 did not work in flow cytometry assays) as
shown in FIG. 5 (B) time 0. The normal flow cytometry
staining protocol was adjusted to assess internalization of
TMEMI16A/SE2D1. Instead of the protocol to add primary,
wash, add secondary, wash then read; for internalization we
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added primary, washed, incubate at 37° C. for 15 minutes to
4 hours, added secondary, washed then read. We were able to
demonstrate a rapid loss of TMEMI16A signal within 15
minutes of cells being placed at 37° C. This is indicative of
SED1 labeled TMEMI16A being internalized prior to addition
of the secondary antibody.

12E11 antibody recognizes an extracellular portion of the
TMEMI16A molecule in ECD3. Using TMEM16A express-
ing HEK293 cells, we were able to demonstrate good staining
by flow cytometry using an APC secondary antibody (SP-31
and BV-10 did not work in flow cytometry assays) as shown
in FIG. 45(D) time 0. The flow cytometry staining protocol
was adjusted to assess internalization of TMEM16A/12E11.
Instead of the protocol to add primary, wash, add secondary,
wash then read; for internalization we added primary,
washed, incubate at 37° C. for 15 minutes to 4 hours, added
secondary, washed then read. We were able to demonstrate a
rapid loss of TMEMI16A signal within 5 minutes of cells
being placed at 37° C. FIG. 5(C).

Example 6
Sensitivity of Cancer Models to Free Toxin Payload

In order to evaluate the effect of a toxin on model cell lines
GISTS882 cells were incubated with a dose series of Saporin.
Cell viability was assessed after 72 hours incubation using
Cell Titer Glo (Promega). Induction of targeted cell killing
was assessed using SE2D1 and a Saporin conjugated anti-
mouse secondary antibody (Advanced Targeting systems).
The detailed experimental protocol was followed according
to the manufacturer’s instructions. Briefly 10,000 cells were
seeded into wells in of a 96-well white-walled clear-bottomed
plate in 100 pl growth medium. After 24 hours Saporin and
antibody additions were made. Growth medium was aspi-
rated and replaced with 50 pul of fresh growth medium. Pri-
mary and secondary antibody dilutions were prepared and
pre-incubated for 30 min at room temperature before addition
to the cells. To each well a final dose of 200 ng/ml of second-
ary Saporin conjugated antibody was added either Mab-zap
(kit-04-25) or goat-IgG-zap control. To the secondary was
added a ten-fold dose series of primary antibody, dilutions
starting either at 100 nM of primary isotype control.

The CellTiter-Glo® (CTG) Assay (Promega) is a homoge-
neous method of determining cell viability based on quanti-
tation of ATP levels. The assay was used according to the
manufacture’s instructions. Briefly substrate and buffer were
combined and mixed to form the reagent. Cells were plated in
assay medium in costar 96 well white plates (Corning #3903)
were left in a humidified 37° C. incubator for the desired
assay length. To a total volume of 100 ul of cells plus treat-
ment an equal volume of CTG assay reagent was added. CTG
luminescence was read after 10 minutes incubation at room
temperature. Luminescence was measured using an EnVi-
sion™ 2100 multi-label reader (PerkinElmer™)

Results:

GIST882 cells were incubated with a ten-fold dilution
series of Saporin, with a top dose of 1 uM. Unconjugated
Saporin effectively killed GIST882 cells at 1 pM with an IC50
of approximately 100 nM FIG. 6(A).

To assess the effect of specific antibody mediated killing
secondary antibody was prepared to a final dose of 200 ng per
ml in all wells. The primary antibodies were prepared to
generate a 10 fold serial dilution across the plate.

SE2D1 was able to induce killing of GIST882 cells in the
presence of Saporin conjugated mouse-zap at the highest
doses. No killing was observed when the same experiment
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was set up with equivalent doses of SE2D1 plus saporin
conjugated gaot-zap were used (FIG. 6(C)). Killing was spe-
cifically induced only in the presence of SE2D1 and species
specific secondary, ruling out a non-specific effect of SE2D1
only.

Hek293-TMEMI16A cells were seeded at 5000 cells per
well into a 96 well white walled plate. After 24 h 12E11 was
titrated out in 10 fold serial dilutions into a species specific
anti-rat secondary antibody coupled to saporin or non-spe-
cific goat-zap control. Secondary antibody concentrations
were normalized to 100 ng per well throughout. Primary
antibody concentration top doses started at 100 nM. Antibody
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was spiked onto the cells at 10x final and cells harvested in a
CTG assay 72 h later. 12E11 killing was observed only in the
presence of specific secondary antibody FIG. 6(D).

It is understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be sug-
gested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, sequence accession
numbers, patents, and patent applications cited herein are
hereby incorporated by reference in their entirety for all pur-
poses.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 31
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 1008
TYPE: PRT
ORGANISM: Homo sapien

<400> SEQUENCE: 1

Met Arg Val Asn Glu Thr Ala

1 5

Leu Pro

10

Lys Tyr Ser

Val Ile Ile

20

Ile Ala Ile

25

His Asn Cys Glu Asp Ile

Ser Glu Gly Thr Leu Leu Asn Ser Leu Ser Val Asp

45

Phe
55

Cys Lys Leu

50

Tyr Gly Tyr Arg Asp Gly Arg Arg

60

Ile
65

Val His Pro Ser Asn

70

Leu Tyr His Lys Arg Gly

75

Val Gln Thr Ser Ala

90

His Ser Pro

85

Arg Arg Asp Gly

Gln Pro Leu Pro Ala Ser Leu

100

Asp His Gly Lys Gly

105
Glu Met

His Glu

120

Pro Pro

115

Gly Asp Tyr Asp Asp Lys

Glu Glu

130

Glu Glu Ala Leu

140

Leu Leu

135

Tyr Gly Asn Gly

Glu Thr Ile

150

Val Phe

155

Asp His Val

145

Asp Lys Gly Gly

Val Glu Ala Glu

170

Leu Phe Leu

165

Pro Trp Asn Cys Arg

Thr Met Ile Asn Glu Thr

185

Pro Lys Lys His

180

Tyr Arg

Ile Asn Ser Val Leu Gln Ile Thr Pro

195

Lys Lys

200

Asp

Val Ala

210

Glu Gln

215

Thr Met Leu

220

His Arg Pro Lys Arg

Glu Gln Phe Ser

235

His Leu Leu

230

Ser
225

Arg Lys Asp Asp

Phe Thr

245

Thr Ile Val

250

Asp Ser Lys Arg Ser Tyr Glu

Thr Thr Thr

260

Ala Ser Met Gln

265

Cys Lys Lys Tyr Gly

Ala Ser

280

Lys Lys Asp Ser Leu Leu

275

Lys Arg Arg Lys

Glu

Gly

Pro

Lys

Arg

Arg

Asp

Arg

125

Glu

Lys

Lys

Gly

Ile

205

Ser

Lys

Ile

Gly

Cys
285

Asp

Tyr

Arg Ser

15

Leu Pro

30

Asp

Val

Thr

Ser

Ala

Ala Glu

Asp Tyr

Val
80

Leu

Val
95

Lys

Gly Ser

110

Phe

Leu

Ile

Leu

Leu

Arg Arg

Glu Arg

Ala
160

His

Lys Met

175

Leu Lys

190

Gln

Tyr

Asp

Leu

Glu

Pro Lys

Phe

Pro

Phe
240

Ser

Lys
255

Arg

Gly Arg

270

Gly

Lys Tyr
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Gly

Leu

305

Lys

Gln

Tyr

Ile

Asn

385

Cys

Cys

Phe

Trp

Phe

465

Glu

Glu

Arg

Leu

Ile

545

Ile

Ser

Ile

Ala

Glu

625

Tyr

Arg

Cys

Ile

Ile

290

His

Leu

Pro

Phe

Val

370

Ile

Pro

Ala

Phe

Lys

450

Glu

Ala

Lys

Val

Thr

530

Ile

Tyr

Val

Asn

Arg

610

Glu

Thr

Pro

Ala

Met
690

Thr

Asp

Leu

Ile

Ala

355

Gly

Pro

Leu

Thr

Ser

435

Arg

Glu

Arg

Arg

Lys

515

Trp

Phe

Arg

Arg

Leu

595

Trp

Arg

Pro

Gly

Pro

675

Leu

Ser

Gly

Tyr

Asp

340

Trp

Ile

Ser

Cys

Ala

420

Val

Lys

Glu

Val

Arg

500

Thr

Arg

Met

Ile

Ser

580

Val

Leu

Leu

Ile

Asp

660

Gly

Gly

Leu

Asp

Glu

325

Leu

Leu

Ile

Met

Asp

405

Arg

Phe

Gln

Glu

Leu

485

His

Ala

Asp

Ile

Ser

565

Asn

Val

Thr

Ile

Phe
645
Tyr

Gly

Lys

Leu

Tyr

310

Glu

Val

Gly

Val

Glu

390

Lys

Ala

Met

Met

Glu

470

Glu

Ile

Met

Arg

Ala

550

Met

Ile

Ile

Lys

Phe

630

Tyr

Val

Cys

Gln

Ala

295

Asn

Trp

Arg

Val

Phe

375

Met

Thr

Ser

Ala

Arg

455

Ala

Lys

Pro

Ala

Phe

535

Val

Ala

Arg

Ile

Ile

615

Lys

Val

Tyr

Leu

Leu
695

Asn

Gly

Ala

Lys

Tyr

360

Leu

Cys

Cys

His

Leu

440

Leu

Val

Ser

Glu

Gly

520

Pro

Thr

Ala

Val

Leu

600

Glu

Ala

Ala

Ile

Met

680

Ile

Gly

Glu

Arg

Tyr

345

Thr

Tyr

Asp

Ser

Leu

425

Trp

Asn

Lys

Leu

Glu

505

Val

Ala

Phe

Ala

Thr

585

Leu

Val

Phe

Phe

Phe

665

Glu

Gln

Val

Asn

Tyr

330

Phe

Gln

Gly

Gln

Tyr

410

Phe

Ala

Tyr

Asp

Lys

490

Ser

Lys

Tyr

Ala

Leu

570

Val

Asp

Pro

Leu

Phe

650

Arg

Leu

Asn

Tyr

Val

315

Gly

Gly

Met

Cys

Arg

395

Trp

Asp

Ala

Arg

His

475

Lys

Thr

Leu

Leu

Ile

555

Ala

Thr

Glu

Lys

Leu

635

Lys

Ser

Cys

Asn

Ala

300

Glu

Val

Glu

Leu

Ala

380

His

Lys

Asn

Thr

Trp

460

Pro

Glu

Asn

Thr

Thr

540

Val

Met

Ala

Val

Thr

620

Lys

Gly

Phe

Ile

Leu
700

Ala

Phe

Phe

Lys

Ile

365

Thr

Asn

Met

Pro

Phe

445

Asp

Arg

Ser

Lys

Asp

525

Asn

Leu

Asn

Thr

Tyr

605

Glu

Phe

Arg

Arg

Gln

685

Phe

Ala

Asn

Tyr

Ile

350

Pro

Met

Ile

Ser

Ala

430

Met

Leu

Ala

Arg

Trp

510

Lys

Leu

Gly

Ser

Ala

590

Gly

Lys

Val

Phe

Met

670

Leu

Glu

Tyr

Asp

Lys

335

Gly

Ala

Asp

Thr

Ser

415

Thr

Glu

Thr

Glu

Asn

495

Lys

Val

Val

Val

Ser

575

Val

Cys

Ser

Asn

Val

655

Glu

Ser

Ile

Pro

Arg

320

Tyr

Leu

Ser

Glu

Met

400

Ala

Val

His

Gly

Tyr

480

Lys

Gln

Lys

Ser

Ile

560

Pro

Ile

Ile

Phe

Ser

640

Gly

Glu

Ile

Gly
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62

Ile
705

Ser

Glu

Pro

Leu

785

Arg

Lys

Phe

Met

Phe

865

Asn

Leu

Phe

Ile

945

Gln

Lys

Ser

Pro

Pro

Asp

Met

Leu

770

Asp

Ala

Leu

Ile

His

850

Gln

Gln

Lys

Ala

Val

930

His

Asp

Asp

Leu

Lys

Pro

Tyr

Ile

755

Ala

Ala

Lys

Ala

Pro

835

Gly

Asn

Ile

Tyr

Phe

915

Asp

Lys

Lys

Glu

Gly
995

Met Lys Lys Leu Ile
710

Asp His Glu Glu Cys

725

Asn Leu Glu Pro Phe

740

Ile Gln Phe Gly Phe

760

Pro Leu Phe Ala Leu

775

Lys Lys Phe Val Thr
790

Asp Ile Gly Ile Trp

805

Val Ile Ile Asn Ala

820

Arg Leu Val Tyr Leu

840

Phe Val Asn His Thr

855

Gly Thr Ala Pro Asn
870

Cys Arg Tyr Lys Asp

885

Asp Ile Ser Lys Asp

900

Val Ile Val Phe Gln

920

Trp Val Ile Pro Asp

935

Glu Lys Val Leu Met
950

Gln Gln Leu Leu Glu

965

Pro Pro Cys Asn His

980

Ser Pro Ala Pro Ser

<210> SEQ ID NO 2
<211> LENGTH: 4876
<212> TYPE: DNA
<213> ORGANISM: Homo sapien

<400> SEQUENCE: 2

aaaggcgggc cggctggcgt

cagccgggtg

dggecgggcy

dgcgcegggga

aggccgcecgg

ccacgatgag

tcatcaacat

geggegegat

dgccagggcyg

ggcecggece

ggccgtggat

ggtcaacgag

ctgegecate

1000

ccaagttect

cggecccgag

dcgggeggayg

cctgegageyg

dgggagggcyg

aagtactcga

gaggacatcg

Arg Tyr Leu
715

Val Lys Arg
730

Ala Gly Leu
745

Val Thr Leu

Leu Asn Asn

Glu Leu Arg

795

Tyr Asn Ile
810

Phe Val Ile
825

Tyr Met Tyr

Leu Ser Ser

Asp Pro Leu

875

Tyr Arg Glu
890

Phe Trp Ala
905

Asn Leu Val

Ile Pro Lys

Val Glu Leu
955

Thr Trp Met
970

His Asn Thr
985

Lys Leu Lys

Lys Gln Arg

Thr Pro Glu

750

Phe Val Ala
765

Ile Ile Glu
780

Arg Pro Val

Leu Arg Gly

Ser Phe Thr

830

Ser Lys Asn
845

Phe Asn Val
860

Asp Leu Gly

Pro Pro Trp

Val Leu Ala
910

Met Phe Met
925

Asp Ile Ser
940

Phe Met Arg

Glu Lys Glu

Lys Ala Cys
990

Gln Gln
720

Tyr Glu
735

Tyr Met

Ser Phe

Ile Arg

Ala Val
800

Ile Gly
815

Ser Asp

Gly Thr

Ser Asp

Tyr Glu
880

Ser Glu
895

Ala Arg

Ser Asp

Gln Gln

Glu Glu
960

Arg Gln
975

Pro Asp

His Ala Tyr His Gly Gly Val Leu

gaccaggege

aggctcagge

¢gggaggegy

cgcegegaac

cgecegecegy

cgctecegge

gctacctgee

1005

gggccggcecc

gececeegea

ccacgteece

getgeggtet

cggteccage

cgaggaccge

gtccgagggc

gcgggaccag

tcgagegege

ggcgggecetg

cegecegeag

gcacaggcgg

agcgtccaca

acgctgetga

60

120

180

240

300

360

420
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actccttate tgtggaccct gatgccgagt geaagtatgg cctgtactte agggacggece 480
ggcgcaaggt ggactacatc ctggtgtacce atcacaagag gcccteggge aaccggaccce 540
tggtcaggag ggtgcagcac agcgacaccce cctetgggge tegecagegte aagcaggace 600
acccectgee gggcaagggg gegtcegetgg atgcaggete gggggagece ccgatggact 660
accacgagga tgacaagcgc ttccgcaggg aggagtacga gggcaaccte ctggaggcgg 720
gectggaget ggagcgggac gaggacacta aaatccacgg agtcegggttt gtgaaaatcce 780
atgcccectyg gaacgtgetg tgcagagagg ccgagtttet gaaactgaag atgccgacga 840
agaagatgta ccacattaat gagacccgtg gectcctgaa aaaaatcaac tctgtgetce 900
agaaaatcac agatcccatc cagcccaaag tggctgagea caggccccag accatgaaga 960
gactctcecta tcececttetee cgggagaage agcatctatt tgacttgtct gataaggatt 1020
cctttttega cagcaaaacc cggagcacga ttgtctatga gatcttgaag agaacgacgt 1080
gtacaaaggc caagtacagc atgggccaag gcgagggaag aaagaaggac tccgecctte 1140
taagtaaaag gcggaaatgt gggaagtatg gcatcacgag cctgctggcce aatggtgtgt 1200
acgcggetge atacccactg cacgatggag actacaacgg tgaaaacgtc gagttcaacg 1260
acagaaaact cctgtacgaa gagtgggcac gctatggagt tttctataag taccagccca 1320
tcgacctggt caggaagtat tttggggaga agatcggcect gtacttcgece tggctgggeg 1380
tgtacaccca gatgctcatc cctgectcca tcgtgggaat cattgtctte ctgtacggat 1440
gegecaccat ggatgaaaac atccccagca tggagatgtg tgaccagaga cacaatatca 1500
ccatgtgccce getttgcgac aagacctgca gctactggaa gatgagctca gectgcgeca 1560
cggcccegege cagccaccte ttcecgacaacce ccgeccacggt cttettcectet gtettcecatgg 1620
ccetetggge tgccacctte atggagcact ggaagcggaa acagatgcga ctcaactacce 1680
gctgggacct cacgggcttt gaagaggaag aggaggctgt caaggatcat cctagagcetg 1740
aatacgaagc cagagtcttg gagaagtctce tgaagaaaga gtccagaaac aaagagaagce 1800
geeggcatat tccagaggag tcaacaaaca aatggaagca gagggttaag acagccatgg 1860
cgggggtgaa attgactgac aaagtgaagc tgacatggag agatcggttc ccagcctacc 1920
tcactaactt ggtctccatc atcttcatga ttgcagtgac gtttgccatce gteccteggeg 1980
tcatcatcta cagaatctcc atggccgccg ccttggecat gaactcecctee cectecegtge 2040
ggtccaacat ccgggtcaca gtcacagcca ccgcagtcat catcaaccta gtggtcatca 2100
tcetectgga cgaggtgtat ggctgcatag cccgatggcet caccaagatc gaggtceccaa 2160
agacggagaa aagctttgag gagaggctga tcttcaaggce tttcectgctg aagtttgtga 2220
attcctacac ccccatcttt tacgtggcegt tcttcaaagg cecggtttgtt ggacgccecgg 2280
gcgactacgt gtacatttte cgttecttece gaatggaaga gtgtgcgcecca gggggctgece 2340
tgatggagct atgcatccag ctcagcatca tcatgctggg gaaacagctg atccagaaca 2400
acctgttcga gatcggcatce ccgaagatga agaagctcat ccgctacctg aagctgaagce 2460
agcagagcce ccctgaccac gaggagtgtg tgaagaggaa acagcggtac gaggtggatt 2520
acaacctgga gcccttcecgeg ggcctcacce cagagtacat ggaaatgatc atccagtttg 2580
gcttegtecac ccectgtttgte gectecttee cectggecee actgtttgeg ctgctgaaca 2640
acatcatcga gatccgcctg gacgccaaaa agtttgtcac tgagctccga aggccggtag 2700
ctgtcagagc caaagacatc ggaatctggt acaatatcct cagaggcatt gggaagcttg 2760
ctgtcatcat caatgccttce gtgatctcct tcacgtetga cttcatcceg cgectggtgt 2820
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acctctacat gtacagtaag aacgggacca tgcacggctt cgtcaaccac accctctcect 2880
ccttcaacgt cagtgacttc cagaacggca cggcccccaa tgaccccctg gacctgggcet 2940
acgaggtgca gatctgcagg tataaagact accgagagec gecgtggteyg gaaaacaagt 3000
acgacatctc caaggacttc tgggccgtce tggcagcececg gectggegttt gtcatcgtcet 3060
tccagaacct ggtcatgttce atgagcgact ttgtggactg ggtcatcccg gacatcccca 3120
aggacatcag ccagcagatc cacaaggaga aggtgctcat ggtggagctg ttcatgcggg 3180
aggagcaaga caagcagcag ctgctggaaa cctggatgga gaaggagcegyg cagaaggacg 3240
agccgecgtyg caaccaccac aacaccaaag cctgcccaga cagectcegge agcccagcecce 3300
ccagecatge ctaccacggg ggcgtectgt agetatgeca geggggcetgyg gcaggecage 3360
cgggcatcect gaccgatggg caccctetee cagggcagge ggcttccege tcccaccagg 3420
gcceggtggg tectgggttt tcectgcaaaca tggaggacca ctttcectgata ggacatttte 3480
ctttcttett tetgttttet ttecccttgtt tttgcacaaa geccattatge agggaatatt 3540
ttttaatctg tagtattcaa gatgaatcaa aatgatggct ggtaatacgg caataaggta 3600
gcaaaggcag gtgctttgca gaaagaatgc ttggaaactt gagtctccecct agaggtgaaa 3660
agtgagcaga ggcccgtaga aaccctecte tgaatcctec taattcecctta agatagatgce 3720
aaaatggtaa gccgaggcat cgcgcaaaag ctggtgcgat gcettcaggga aaatggaaaa 3780
cccacgcaag aataatgatt gattccggtt ccaaaaggtg tcacctacct gtttcagaaa 3840
agttagactt tccatcgecct tttecttcca tcagttgagt ggctgagaga gaagtgcctce 3900
atccctgage cacacagggg gcgtgggage atcccagtta tceectggaaa gctagaaggg 3960
gacagaggtyg tccctgatta agcaggaaac agcacccttg gegtccccag caggctcccce 4020
actgtcagcce acacacctgce ccccatcaca ccaagccgac ctcagagttg ttcatcttcece 4080
ttatgggaca aaaccggttg accagaaaat gggcagagag agatgacctg gaagcatttc 4140
cacagatggt gtcagggttt caagaagtct tagggcttcc aggggtcccce tggaagcettt 4200
agaatattta tgggtttttt tttcaaatat caattatatg gtagattgag gatttttttt 4260
ctgtagctca aaggtggagg gagtttatta gttaaccaaa tatcgttgag aggaatttaa 4320
aatactgtta ctaccaaaga tttttattaa taaaggctta tattttggta acacttctct 4380
atatttttac tcacaggaat gtcactgttg gacaattatt ttaaaagtgt ataaaaccaa 4440
gtctcataaa tgatatgagt gatctaaatt tgcagcaatg atactaaaca actctctgaa 4500
atttctcaag caccaagaga aacatcattt tagcaaaggc caggaggaaa aatagaaata 4560
aatttgtctt gaagatctca ttgatgtgat gttacattcc ctttaatctg ccaactgtgg 4620
tcaaagttca taggtgtcgt acatttccat tatttgctaa aatcatgcaa tctgatgcett 4680
ctecttttete ttgtacagta agtagtttga agtgggtttt gtatataaat actgtattaa 4740
aaattaggca attaccaaaa atccttttat ggaaaccatt tttttaaaaa gtgaatgtac 4800
acaaatccac agaggactgt ggctggacat tcatctaaat aaatttgaat atacgacact 4860
tttctcactt gaaaaa 4876

<210> SEQ ID NO 3
<211> LENGTH: 10

<212> TYPE:

PRT

<213> ORGANISM: Homo sapien
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<400> SEQUENCE: 3

Lys Leu Ile Arg Tyr Leu Lys Leu Lys Gln
1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Homo Sapien

<400> SEQUENCE: 4

Arg Tyr Lys Asp Tyr Arg Glu Pro Pro Trp Ser
1 5 10

<210> SEQ ID NO 5

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Homo sapien

<400> SEQUENCE: 5

Glu Glu Ala Val Lys Asp His Pro Arg Ala Glu Tyr Glu Ala Arg Val
1 5 10 15

Leu Glu Lys Ser Leu Lys
20

<210> SEQ ID NO 6

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Homo Sapien

<400> SEQUENCE: 6

Asp His Glu Glu Cys Val Lys Arg Lys Gln Arg Tyr Glu Val Asp Tyr
1 5 10 15

Asn Leu Glu

<210> SEQ ID NO 7

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Homo sapien

<400> SEQUENCE: 7

Lys Glu Lys Val Leu Met Val Glu Leu Phe Met Arg Glu Glu Gln Asp
1 5 10 15

Lys

<210> SEQ ID NO 8

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Rattus rattus

<400> SEQUENCE: 8
Asn Tyr Asp Met His

1 5

<210> SEQ ID NO 9

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Rattus rattus

<400> SEQUENCE: 9

Val Ile Trp Gly Asn Gly Lys Thr Gln Tyr Asn Ser Gly Leu Thr Ser
1 5 10 15
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<210> SEQ ID NO
<211> LENGTH: 15
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ser Gly Tyr Tyr
1

<210> SEQ ID NO
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Arg Ser Ser Gln
1

<210> SEQ ID NO
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Val Ser Arg
1

<210> SEQ ID NO
<211> LENGTH: 8
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Val Gln Ser Thr
1

<210> SEQ ID NO
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gly Phe Ser Leu
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Trp Gly Asn Gly

1

<210> SEQ ID NO
<211> LENGTH: 15
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ser Gly Tyr Tyr
1

10

Rattus rattus

10

Tyr Asp Gly Ser Tyr Tyr Ser Leu Phe Asp Tyr

5

11

Rattus rattus

11

10

15

Ser Leu Leu His Ser Asn Gly Asn Thr Tyr Leu Asn

5

12

Rattus rattus

12

Leu Glu Ser
5

13

Rattus rattus

13

His Ala Pro Ala
5

14

Rattus rattus

14

Ser Asn Tyr

5

15

Rattus rattus

15

Lys

16

Rattus rattus

16

10

15

Tyr Asp Gly Ser Tyr Tyr Ser Leu Phe Asp Tyr

5

10

15
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72

<210> SEQ ID NO

<211> LENGTH: 12

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Ser Gln Ser Leu

1

<210> SEQ ID NO
<211> LENGTH: 3
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Leu Val Ser

1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Ser Thr His Ala

1

<210> SEQ ID NO

17

Rattus rattus

17

Leu His Ser Asn Gly Asn Thr Tyr
5 10

18

Rattus rattus

18

19

Rattus rattus
19

Pro

20

<211> LENGTH: 111

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Asp Val Val Leu
1

Gln Ser Val Ser
20

Asn Gly Asn Thr
35

Pro Gln Leu Leu
50

Asn Arg Phe Ser
65

Ser Gly Val Glu

Thr His Ala Pro
100

<210> SEQ ID NO

Rattus rattus

20

Thr Gln Thr Pro Pro Thr Leu Ser Ala Thr Ile Gly

Ile Ser Cys Arg Ser Ser Gln Ser Leu Leu His Ser
25 30

Tyr Leu Asn Trp Leu Leu Gln Arg Pro Gly Gln Pro
40 45

Ile Tyr Leu Val Ser Arg Leu Glu Ser Gly Val Pro
55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
70 75 80

Ala Glu Asp Leu Gly Val Tyr Tyr Cys Val Gln Ser
85 90 95

Ala Phe Gly Gly Gly Thr Lys Leu Glu Leu Lys
105 110

21

<211> LENGTH: 123

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gln Val Gln Leu
1

Thr Leu Thr Leu
20

Asp Met His Trp
35

Rattus rattus
21

Lys Glu Ser Gly Pro Gly Leu Val Gln Pro Ser Gln
5 10 15

Thr Cys Thr Val Ser Gly Phe Ser Leu Ser Asn Tyr
25 30

Val Arg Gln Ser Pro Gly Lys Gly Leu Asp Trp Met
40 45
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74

Gly

Ser

65

Lys

Arg

Trp

Val

Arg

Met

Ser

Gly

Ile

Leu

Asn

Gly

Gln
115

Trp

Ser

Ser

Tyr

100

Gly

Gly

Ile

Leu

85

Tyr

Val

<210> SEQ ID NO 22

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Rattus rattus

PRT

<400> SEQUENCE:

Gly

1

Ala

Ala

Cys

Cys

65

Gly

Ala

Thr

Gly

Cys

145

Ala

Gly

Ala

Gly

Thr

225

Ala

Ala

Thr

Ala

Ala

Gly

Thr

Ala

50

Thr

Ala

Ala

Ala

Ala

130

Cys

Thr

Gly

Ala

Thr

210

Thr

Gly

Gly

Thr

Cys
290

Thr

Ala

Cys

35

Ala

Thr

Gly

Thr

Ala

115

Gly

Ala

Thr

Ala

Cys

195

Gly

Thr

Thr

Gly

Ala
275

Cys

Gly

Cys

20

Gly

Thr

Gly

Thr

Gly

100

Ala

Gly

Cys

Thr

Ala

180

Ala

Gly

Cys

Gly

Ala
260

Cys

Cys

333

22

Thr

Thr

Gly

Cys

Cys

Cys

85

Gly

Thr

Cys

Ala

Gly

165

Thr

Gly

Gly

Ala

Gly
245
Thr

Thr

Ala

Asn

Ser

70

Gln

Tyr

Met

Thr

Cys

Cys

Ala

Ala

70

Thr

Ala

Thr

Cys

Ala

150

Gly

Cys

Gly

Thr

Cys

230

Ala

Thr

Gly

Thr

Gly

Arg

Thr

Asp

Val

Gly

Cys

Thr

Gly

55

Gly

Cys

Ala

Gly

Ala

135

Cys

Thr

Thr

Thr

Cys

215

Ala

Gly

Thr

Cys

Gly
295

Lys

Asp

Glu

Gly

Thr
120

Thr

Ala

Ala

40

Thr

Gly

Thr

Ala

Gly

120

Gly

Thr

Ala

Gly

Thr

200

Ala

Cys

Thr

Gly

Gly

280

Cys

Thr

Thr

Asp

Ser

105

Val

Thr

Cys

25

Cys

Cys

Thr

Thr

Cys

105

Thr

Gly

Thr

Thr

Gly

185

Cys

Gly

Thr

Ala

Gly
265

Thr

Thr

Gln

Ser

Thr

90

Tyr

Ser

Cys

10

Cys

Cys

Thr

Cys

Ala

90

Ala

Thr

Cys

Cys

Cys

170

Gly

Ala

Gly

Cys

Gly

250

Gly

Gly

Cys

Tyr

Lys

75

Ala

Tyr

Ser

Thr

Cys

Ala

Cys

Ala

75

Cys

Cys

Gly

Cys

Thr

155

Thr

Gly

Gly

Ala

Ala

235

Ala

Ala

Cys

Cys

Asn
60
Ser

Ile

Ser

Gly

Ala

Thr

Cys

60

Ala

Ala

Cys

Cys

Ala

140

Ala

Ala

Thr

Thr

Ala

220

Ala

Gly

Gly

Ala

Cys
300

Ser

Gln

Tyr

Leu

Ala

Cys

Thr

45

Ala

Gly

Cys

Thr

Thr

125

Ala

Ala

Gly

Cys

Gly

205

Cys

Ala

Gly

Thr

Ala
285

Gly

Gly

Val

Phe

Phe
110

Cys

Thr

30

Gly

Thr

Thr

Ala

Ala

110

Ala

Cys

Thr

Ala

Cys

190

Gly

Thr

Ala

Cys

Thr
270

Ala

Cys

Leu

Phe

Cys

95

Asp

Cys

15

Thr

Gly

Cys

Cys

Gly

95

Thr

Cys

Cys

Thr

Cys

175

Cys

Cys

Gly

Thr

Thr
255
Thr

Gly

Gly

Thr
Leu
80

Thr

Tyr

Cys

Thr

Ala

Thr

Ala

Thr

Thr

Ala

Thr

Thr

160

Thr

Cys

Ala

Ala

Cys

240

Gly

Ala

Thr

Thr
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Thr Cys Gly Gly Thr Gly Gly Ala Gly Gly Cys
310

305

315

Gly Cys Thr Gly Gly Ala Ala Thr Thr Gly Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

325
D NO 23
H: 369

DNA

<213> ORGANISM: Rattus rattus

<400> SEQUENCE: 23

caggtgcage

acctgcactyg

ccaggaaagg

tcaggtctca

aaaatgaaca

tactatgatg

gtctettea

<210> SEQ I

<211> LENGT.
<212> TYPE:

tgaaggagtc

tctetggatt

gtctggactyg

catccegact

gtctgcaaac

gtagttatta

D NO 24
H: 153
PRT

aggacctggt

ctcacttage

gatgggcgta

gagcatcage

tgaggacaca

ttcecctettt

330

ctggtgcage

aactatgata

atatggggta

agggacacct

gccatttact

gattattggg

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: ECD 1-3

<400> SEQUENCE: 24

Tyr Gly Ser
1

Asp Gln Arg
Ser Tyr Trp
35

Gly Ser Ser
50

Ser Ser Pro
65

Ser Ser Gly

Thr Met His

Asp Phe Gln

115

Glu Val Gln
130

Glu Asn Lys
145

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Thr Met Asp Glu

His Asn Ile Thr Met

20

Lys Met Ser Ser Ala

40

Ser Gly Arg Ile Ser

55

Ser Val Arg Ser Asn

70

Pro Arg Leu Val Tyr

85

Gly Phe Val Asn His

100

Asn Gly Thr Ala Pro

120

Ile Ser Arg Tyr Lys

135

Tyr Asp Ile Ser Lys
150

D NO 25
H: 55
PRT

Asn

Ser

25

Ser

Met

Ile

Leu

Thr

105

Asn

Asp

Asp

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: ECD 2

Ile

10

Pro

Ala

Ala

Arg

Tyr

90

Leu

Asp

Tyr

Pro

Leu

Thr

Ala

Val

75

Met

Ser

Pro

Arg

Ala Cys Cys

Ala Ala

cctcacagac
tgcactgggt
atggaaaaac
ccaagagtca
tctgtaccag

gccaaggagt

Ser Met Glu
Ser Asp Lys
30

Ala Arg Ala
45

Ala Leu Ala
60

Thr Val Thr

Tyr Ser Lys

Ser Phe Asn

110

Leu Asp Leu
125

Glu Pro Pro
140

Ala Ala
320

cctgaccecete
tcgecagtet
acaatataat
agttttctta
atcgggttat

catggtcaca

Met Ser
15

Thr Ser

Ser His

Met Asn

Gly Ser

80
Asn Gly
95
Val Ser

Gly Tyr

Trp Ser

60

120

180

240

300

360

369
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<400> SEQUENCE: 25

Asn Asn Leu Phe Glu Ile Gly Ile Pro Lys Met Lys Lys Leu Ile Arg
1 5 10 15

Tyr Leu Lys Leu Lys Gln Gln Ser Pro Pro Asp His Glu Glu Ser Val
20 25 30

Lys Arg Lys Gln Arg Tyr Glu Val Asp Tyr Asn Leu Glu Pro Phe Ala
35 40 45

Gly Leu Thr Pro Glu Tyr Met
50 55

<210> SEQ ID NO 26

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 44_ECD1-3

<400> SEQUENCE: 26

Val Gln Ile Ser Arg Tyr Lys Asp Tyr Arg Glu Pro Pro Trp Ser
1 5 10 15

<210> SEQ ID NO 27

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 45_ECD1-3

<400> SEQUENCE: 27

Ser Arg Tyr Lys Asp Tyr Arg Glu Pro Pro Trp Ser Glu Asn Lys
1 5 10 15

<210> SEQ ID NO 28

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 46_ECD1-3

<400> SEQUENCE: 28

Lys Asp Tyr Arg Glu Pro Pro Trp Ser Glu Asn Lys Tyr Asp Ile
1 5 10 15

<210> SEQ ID NO 29

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 44_ECD1-3 cys

<400> SEQUENCE: 29

Cys Val Gln Ile Ser Arg Tyr Lys Asp Tyr Arg Glu Pro Pro Trp Ser
1 5 10 15

Cys

<210> SEQ ID NO 30

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 45_ECD1-3 cys
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80

-continued

<400> SEQUENCE: 30

Cys Ser Arg Tyr Lys Asp Tyr Arg Glu Pro Pro Trp Ser Glu Asn Lys

1 5 10
Cys

<210> SEQ ID NO 31

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 46_ECD1-3 cys
<400> SEQUENCE: 31

15

Cys Lys Asp Tyr Arg Glu Pro Pro Trp Ser Glu Asn Lys Tyr Asp Ile

1 5 10

Cys

15

What is claimed is:

1. An antibody or antigen binding fragment thereof that
specifically binds to the extracellular domain 3 (“ECD3”) of
transmembrane protein 16A (“TMEMI16A”), wherein said
antibody or antigen binding fragment is internalized into the
cell upon binding to the ECD3 and wherein the antibody or
antigen binding fragment specifically binds to a peptide con-
sisting of SEQ ID NO:4, and wherein the antibody or antigen
binding fragment comprises a heavy chain CDR1 of SEQ ID
NO:8, heavy chain CDR2 of SEQ ID NO:9, heavy chain
CDR3 of SEQ ID NO:10; and a light chain CDR1 of SEQ ID
NO:11, light chain CDR2 of SEQ ID NO:12, and a light chain
CDR3 of SEQ ID NO:13, respectively.

2. An antibody or antigen binding fragment that specifi-
cally binds to the extracellular domain 3 (“ECD3”) of trans-
membrane protein 16A (“TMEMI16A”) comprising a heavy
chain CDR1 of SEQ ID NO:8, heavy chain CDR2 of SEQ ID
NO:9, heavy chain CDR3 of SEQ ID NO:10; and a light chain
CDRI of SEQ ID NO:11, light chain CDR2 of SEQ ID
NO:12, light chain CDR3 of SEQ ID NO:13; respectively.

3. The antibody or antigen binding fragment of claim 2
wherein the antibody or antigen binding fragment is an Fab
fragment, an Fab’ fragment, an F(ab’).sub.2, or an Fv frag-
ment of an antibody.

25

30

40

4. The antibody or antigen binding fragment of claim 2,
wherein said antibody is a monoclonal antibody.

5. The antibody or antigen binding fragment of claim 4,
wherein said antibody is a humanized or human antibody.

6. The antibody or antigen binding fragment of claim 4,
wherein said antibody is a chimeric antibody.

7. The antibody or antigen binding fragment of claim 2,
wherein said antibody is a diabody or multivalent antibody.
8. The antibody or antigen binding fragment of claim 2,
wherein said antibody is a humanized monoclonal antibody.
9. The antibody or antigen binding fragment of claim 2,

wherein said antibody or antigen binding fragment is further
linked to an anti-cancer agent.

10. The antibody or antigen binding fragment of claim 9,
wherein said anti-cancer agent is a cytotoxic agent.

11. A pharmaceutical composition comprising the anti-
body or antigen binding fragment of claim 2.

12. A pharmaceutical composition comprising the anti-
body or antigen binding fragment of claim 9.

#* #* #* #* #*



